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The study in relation between particulate concentrations and atmospheric condition by adopting 

the high-volume air sampler sampling total suspended particulate (TSP) and particulate matter less than 10 

micron (PM IO) in 3 urban areas including Songkhla (Amphur Hat Yai, at the height level of 30, 60 and 125 

meter), Bangkok (Rajdhevi District, at the height level of 38, 158 and 328 meter) and Chiangmai (Amphur 

Muang, at the height level of 12, 52 and 152 meter) along with using radiosonde to measure meteorological 

conditions above for 3 days continuously. And to find the chemical composition in PM,o by analyzing the 

organic substance that using ion chromatography and analyzing carbon composition that using 

thermal/optical carbon analyzer according to IMPROVE protocol. Study result revealed Bangkok and 

Chiangmai having the concentration of TSP and PM,o varied reversely to the height and the ratio of 

PM,/TSP varied reversely to the height level as well. In contrary to Amphur Hat Yai, the physical factors 

caused the turbulence that diluted the concentration of pollutant in middle height. The consideration of 

PM,/TSP ratio and meteorological condition revealed that there was insignificant relation, the potential 

factor could be caused by direct sources. 

The study result in percentage of PM
IU 

composition in Bangkok including OC, EC, Na, NH4+' K+, 

Ca
2
+, cr, N0

3-, SO/- and others species, found other species compositions might generated by heavy metal 

that was the highest figure at all height levels, the inferior including OC , SO/-, EC and N0
3
-. The 

predominant had the concentrations at medium level (158 meter) and upper level (328 meter) in equivalent 

figures significantly that could be able to indicate those sources including the emission from motor vehicles 

combustion. 

The study results of carbon composition in PM,o in Bangkok including OCI, OC2, OC3, OC4, 

EC I, EC2 and EC3, found that OC3, EC I and OC2 concentrations were predominant. This indicated that 

carbon sources of the studied 3-height levels were released from engine exhaust (gasoline, liquid petroleum 

gas and diesel). Concentration of OC and EC varied directly to PM ' 0 at all height levels that caused higher 

concentration of OC and EC at night time following PM
IO

• The ratio of OC/EC varied reversely to the 

height and related significantly to relative humidity, temperature and mixing height. 
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1. 1~Ufff)1J1tl~ri1'W'j~11'h~fl11lJl,j'lJ,j''W'UU~~'WCl~UU~'U'W1~ i1ilfl'W 10 ilJ 1fl'jllJ~'j nlJ 

H'WCl~UU~'j 1lJ i'WU1iCl~'th~l1Cl1 ~1lJ'j~~lJfl11lJff ~ t 'Wl'U~lljU~ . ~ 

4 ~ QI' • "".a. d ~ .. .. i 11 
2. 1'Vi Unf)1J 1ff~ ff1'W 'j ~11 1Hfl11lJl'UlJ'U'W 'UU~ U'W VI'j tJfll'j lJ U'WU Cl ~ li l~fll'j lJU'W 'W ~'W 

Cl~UU~'U'W1" i1ilfl'W 10 ilJ 1fl'jllJ~'j t'Wll1iCl~'th~l1Cl1 mlJ'j~~lJfl11lJ~~ i'Wl'U~lljU~'UU~ 

f) ~ ~ 1'YI 'Vi lJ 11 1'W fl'j 

, " 
3. l~Ufff)1J 1fl11lJtllJ~'W1r 'UU~~f)1JW~'UU~i''W lJ'j 'j tJ1fllffllCl~'j ~~ lJfl11lJ~ ~r-lfflJ nlJ 

tl"ri1'W'j~wh~fl11lJl,j'lJ,j''W'UU~H'W Cl~UU~'U'W1~ i1ilfl'W 10 ilJ 1 fl'j llJ~'j nlJH'WCl~UU~'j1lJUCl~ • • 

<S 
1.3 'U01.Jl'Ug}'UMfll'HHl1Jl 

1. ~f)1JW~Vl1~U~UtJlJ1V1tJl-5'WlJ'W ~lf)fll'jtJriUtJlJUClCl'W Vlf) 6 i11mli1'WllCl1 3 1'W 
~ q 'U 'II 

1im d U~ 1 "tJ~~'j 1tJ~1'W ~ 1UW 11 fliJ fl11lJ i'W tllJ~'YI1r fl11lJ~'W lJ'j 'j tJ1fllff fl11lJ 1 ~ 1CllJ YiffVl1~CllJ . .. 

" 
2. ~f)1JW~VlHPI~UtJlJl'YltJ1~'W~1 W "~~'j1~1" 1~tJ~~'j1tJ~1'W UW11fliJ fl11lJ~'W q 'II l 'II IV 

.lQlcvlfl d ~ Qld AfI' 

lJ'j'jtJ1fllff fl11lJ'lI'WfflJ'ViVlli fl11lJl'j1CllJ 'Ylff'Yl1~CllJ UCl~Hff~1~U1V1~tJ 

3. tJ~lJ1WH'WCl~UU~'j1lJ (TSP) 'YIf) 6 i1 1lJ~ li1'WllCl1 31'W1iUldu~ . . 
4. mlJ1W~'WCl~UU~'U'W1~ '1ilfl'W 10 'lJ 1mllJ~'j (PM,cJ lJf) 3 i11m li1'WllCl1 31'W1imdu~ 

.1'" "'. I '" <'l '" .. ~ '" '" i 11 5. u'jlJ1WU~flu'j~f)UlJ'UU~flnlJU'WflU U'W'YI'jtJfll'jlJU'W llCl~ li1~fl1'jlJU'W 'W~'WCl~UU~ 

" , 
'U'W 1" i1ilfl'W 10'lJ 1 fl'j llJ~'j ~'W.yjfff)1l1f)~ ~lV1'VilJ""''Wfl'j 

6. tJ~lJ1WffniuuUUfl i~l1n iUtJU'WlJ1f) flU 19f1~tJlJ lltJlJ 1lJ1'utJlJ 1tJ'jll~ffl~tJlJ llCl~ 

" . 
'lJ 1fl'jllJ~'j ~'W.yjfff)1J1f)H1'YI'Ynm1'Wfl'j • 

" .. 
8. ~'W.yj.yji ~i'Wf11'jfff)1J1fl11lJl,j'lJ,j''W'UU~H'WCl~UU~'j1lJl1Cl~H'WCl~UU~'U'W1~ i1i lfl'W 10 . . 

'lJ 1fl'j1lJ~'j 



3 
'" . 

8.1 ~'\.J'Viffmn 3 n:~'Ufl11lJ""~ hHillflfl'l11fl h'IUi ~~'I1'1f1""~'\J"1 
~ u 

'" . 
8.2 ~'UViffmn 3 'j::~'UmllJ\1~i'Ul'\JfI'jl'lf1111 f)1~ll1'WlJ'I11'Um 

'" . 
8.3 ~'UViffmn 3 'j::~mnllJ",,~i'U611flfll{jfl~ ~~'I1ifll~tJ~imj .. 

a d CLI I ~ d Q.I' CLI Q Q a dd I 

f11'j m flf) ~f1lf)'Ufl1fltJl~ 'W 'ill'j W 1 ~f1lf)'Ufl1fltJHmlJ" f)lJ W::'\J fl~fll1li'W"'\J fl~llJfl~l1lJflfl 

d "".J ~ ~ ... a 
f111lJl'j1"lJ U,,::t:JW'I1lJlJ 9I~I1J'Uflflm1J'U 3 'j::f1'Ufifl 

~ I a Q.I a ~ .J ?I ~ dCLI 
1) 'If'Um~ mflm::f1'Ul'I1'Ufl'lf'U Roughness Layer 9I~I1J'U'lf'Ul1'j'Uf-·"'m::l1'U 

". II " 1 ~tJfI'j ~ 'il1f)f111lJ'\J ~ '\J'j ::~'U ~b "f)lJ w:: f11'j lflt1fl'U ~1'\J fl~lJ 1" fllf11ffi 'U 'j::~ 'Ui'U U , ~i' 'U fll1~'W" 
. , " . . " " 

lJl'illf)ff~n~'\J11~Vifl~'U'U~'U~'U 1'li'U mm'l Ul'Ul~fl'U ,;''U'~ 1~'U,;''U ff~nfl'\J11~Viiifl~'j::~'Ui'Uu 

iifll1~'Wmlfl'U~l~ff ~,jflf11'l lfl~fl'U~'\Jfl~"lJ i 'UU'U1'l::'U l'U (Advection) .. 
'" • • '" .J 

2) i'Uf)"l~ lt1flm::~'UVifl~i'\.J'li1~f111lJ\1~Vil~'Ui'U Surface Layer 9I~ 
" tI, " 

'U'j'jtJlf11ffi'Ui'UU'il::'~i''Ufll1~'W'''iI1f)ff~n~'\J11~ (1'li'Ul~tJ1n'U Roughness Layer) 'Uflf)'iI1m!'U 
, • " t , , 

ii~ 1~i''Ufll1~'W'''iI1mflt1fl'UVi'\Jfl~mf11ffi 'UU'U 1~~ I'U fl~ 'il1f)fll1~'W "Vi 1 ~i''UlJl'illf)f111lJ~ fl'UVilflft 

lm::ri ~fm i M'lflflf11'j "fltJ~1~'U'\Jfl~lJ1"fllf11ff 1 f1tJ" f)lJW::f111lJUfI f),jl~'\Jfl~lf'U ~ 1'li'U1 ~'Ulf'U~ 
l'\Jflih 1~ If'U ~1'\Jfll{jfl~ 'I1~fllf'U~~iii",,~,jl~'l i 'Ulf'U~,j N n'U ri ~f-m,jflfl11lJ~ fl'U ~lflft~'U i 'U 

" " I " , 

'U~ nwt!'U'l u,,:: ri ~f-m,jflliifl~O~f11'j lflt1fl'UVi'\Jfl~"lJ i 'UU 'U l~~Viuflf),jl~n'U 1~'U 'l ::~'Ufl11lJ\1 ~ 

'" . '" 
3) i'U 'U'U lt1 fl m:: ~ 'Ufl11lJ "" ~ Vifl ,ii 'U 'li1~ n ~ 'U f111lJff ~ '\Jfl~ i'U Urban 

~ ~ ~ 

" I ", ' " 

1 a.....,...,. a..,.~..,. " <9 1" ~ ... 
Boundary Layer (UBL) f1tJ'iI::mflf)'lf'Ul1lJfl11lJ\1~'\Jfl~'W'Ul1Mf)lJl'Y1ffllJ1Hll'\Jltl~ fI lm::I1J'U'lf'U 

~ 1~i''Ufll1~'W'' 'il1f)~ ~nft'\J11~ i 'UU'U1'j::'U l'U-W fltJ~'lfl 



, 
q 

UYI'YI 2 

, , 
... ..., q q ~ 

Ie> mn 'l II ~~ ~ll! 1 'iltl'YIl f)tll'\Je>~ 

1u 'li')~ ffllJ'YIff')'j 'j l:l ~ H1UlJl~U m ~ ~~i:J ~ ~,jU 'th ::l'YIff' 'YIV' ~iif11'j 1'1 ~~Il'llUllff'jl:l! f1 ~ 
tI 

'IJtN'I.h::l'YIff lf1t1'j,)lJmh~'j,)fll~,) vh 1 M'iif11'j I~U ll1n~'YIl~~lut:JlIffll1m 'jlJU"::lf1l:lmm 'jlJl;~ • 

ffl'j lflii'YI1~f11'j lfll:lll'j f11'jiIl'llUlf11'j ~'j l~m"::f11'j'IJuri~ 1~t:Jf11nh::tlt:Juf11'j ~ 'j f1~~1~~ u,,:: 
tI 

f11'j~1IUUf11'j~1~'lll1rilu'~ii~·mvh1M'1f1f1lJ"~l:lt:Jlf11ff ~ 1 tl tl 1 'j 11 'j ') ~ ff fll 'W t:J 1 tl 1 ff'IJ t:J ~ 

'lh ::l'YIffi 'YI tI 1 fI tlmlJfI,)ufllJlJ"~l:l wl.rh lJ "flll::'YI1~ t:Jlf11ff1u 'lh ::l'YIffi 'YIV i ~u n ~U ,,:: t:Jt:J~ . . 
nlC}f/i t:J'j::1l1 tI~ N~ 1m:: ffl'j 11:: ~')~ ~fflJ 1u JliJU1U U~U ~~ ~ tll:l tu:: 'IJf)~i:J tyl1llJ "fll,):: 'YIl~ 

" tI • 

t:Jlf11ff~ f)"l'IJ fll'Wl1U iifl,)llJUlItl~l~' 1.IlIllJYlU n~l~~ 1u 1.1 'j:: l'YIffi 'YIti 1 fI tI'Wu',h1u I 'IJmlit:J~ 111 tY 
l'liU tl1 ~1'YI'WlJl11UmUn::1.I~lJtucym ~~l1'1f11;tI~ 1 mJ ~~111fl'IJt:Juunu ~~111flff ~'IJnl U"::~~111fl 

tI 

'j:: tlt:J~ l1uiilJnfll,)::'YINt:Jlf11ffl~U ~U n::t:Jt:J~ nlC}f~l:l lm::l'IJlilfilU \lltlf11'j ~'j l~ 'j 1m:: f1l'j'IJU ri ~ • 

1 fI tI ~ ltl f11 'j 11 'j ') ~ lflfl tufll'W t:Jl f11ff 1 fI tlffmU m ')~ lfl fI tufll'W t:Jl f11ff~,)1.1 'j:: l'YI ff 49 fffllU 1u U • • 
'W.ff. 2547 (1~t:JUlJmlfllJ - 'Wqff~f11t1U) 'WUll i:Jtyl1ll1~tli1~fI~l~u~un::t:Jf)~'IJUlfl ililf1U 10 

ilJlmllJlI'j 'jt:J~n~lJlfit:J nlC}flt:J lC}fU ri,)Uffl'jlJn~l:l1.l'j::lfl'YIgUI'liu nlC}f91"Iy.jt:Jnflf)t:JtliC}f~ 
r:'I iii , 0' r:'I 0' , 0' ""1 0' .... f11C}f U ml~U flt:Jt:Jtl C}ffl Un::f11C}ffll'jUt:JUlJt:Jut:Jtl C}ffl tI~t:J~ Ulf1tuC}1lJlll'j!lUUt:Jtlll1Ut:J~ltl 

il UJl1llJ n~l:l ~ ltl~U":: t:J t:J ~ 'IJUlfll~ tlU,,:: nlC}f~ ~tlril,)U ~ ') il UJl1llJ "~l:l ~ n tln llJ lJll1 U ffUU 
U q u • 

'~lJltl fJtufll'W t:Jlf11ff1u tl1 ~l'YI'WlJ111U m 1uu 'W. ff. 254 7 'WUllU~ ntu ~ lJ()uuii iltyl1l ~U'lJUlfl 

l~ tltlll 10 ilJm t:JU l'vi lJ~ulrlf.l1ntJ'\J nuu~ H1UlJl fflll1l1l1 ~tllJl~ ltl tllU 'W 1l1U:: ~l ~lJ ~U 1u • 
tI , tI 

Ylunfllflll1 {j t:Jl1u ~~111fll;tI~ 111liiJ tl'W'U il\1Jl1llJ"fll,)::'YI1~f)ltl lfflJ 1 tl1u 'li')~ l~ t:JU tllJ fll~U.fi-
u • 

llJl:llVU 1 fltliiil \1Jl1l~U n:: t:Jt:J~'IJ U l~ l~ tl ~ ltltlU ~ 'j HJ 'j Un:: tlU 'IJU ri ~lJltl I ~ f)~ ~ ltlii 1.1~ lJltu 
u • 
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2.2.1.1 ~\Hl~VV-:)'J1lJ (Total suspended particulates, TSP) 

9l1VUN ~'U Cl~ VV-:)'lfU~U1lJ 1~'J ~-:) ~'U Cl~ vv-:)ihh-:)'\Jv-:)'\J'U l~V'4fllflfiv'U'U'Nf1~N 111f1f1l'J 

'VI~ffV'U 1 'U~ llJ-:)tlCllJ lfl~ V-:)I~'U911VU1-:)~'UCl~VV-:)'J 1lJ'lfU ~U1lJlm ~ -:) ff1lJ 11 m~'U911Vu1-:)V'4f1lfl 

~ii'\J'Ul~'1ilfl'U 100 ilJlmllJ~';j i~ 100 IUV{I~'U" 1'Yi'J1d1Ifl~V-:)I~'U911VU1-:)H'UCl~VV-:)'J1lJ . 
" . 

'lfU~U1lJl~';j ~ -:)lJi~iif111 lh;~-:)'li1-:)'\JV-:)'\J'U1~V'4f1lflih~'U911VU1-:) VU1-:) i 'J ~~llJ i~'J ~1J~-:)fi1 

Effective cut point ~ff1lJ1';jm~'U911VU1-:)~iil~'U~1'U~'U6f1m-:)~Clfl'lff~{i~1l11ti'U 30 ilJ lmllJ~'J 
~ ~ ~ ~.. 1 d '" .-(U.S. EPA., 1994)l1J'UV'4f1lfl'\JV-:)U'\J-:)UCl~f1-:)'\JV-:)U'\J-:)'VI~'U 'U V1f1lfl'lJ'\J'U 1~lff'Ufn'U~'UfJf1Cl1-:) 

lh~lJlW 0.005 ilJ imllJm~-:) 100 llJ imillm U'I1ri-:)fi11U~ i~rJ1i'J';jlJ'lf1~~f1lfl~111f1f1l'J~-:) • 
, ,.. I " 

m ~ 11 1 rJ'\J V-:)~ 'U 'VI ';j 1rJVi-w'U H1tl 'U 'U UCl~ fftll'U Vi nVffr 1-:) 1 ~ rJCllJ~ ~ 111f1-W'U ~'U 1 ~ rJff1'U 1 '11 qj 

U';j~f1v'U~1rJ~iif1l~1'U1'UlJ1f1 ~'UCl~VV-:)'VI1-:);1f1l~ 1'li'U ffUV{ Cl~VV-:)lf1ff'J'\JV-:)-W'lf~l-:)'l ~'U 

Cl~ vvn 1lJ~~'U 'U~ I1Wl '\J~ljjv-:) 1 ~ rJ..t1 1 UI~'U f1l';j U vd m ~ 111rJU 'U'UUj lJt,llJ 111f1m ~ 'U1'U f1l';j 1~1 
" " . 

1 'I1l~I;'fm~ii-:) 11-:) 111f1f1l'J 11'J 111';j i H-:)l'U ~~ff1'l1m 'JlJ 11Cl~ fll1m 'J lJu'U'l ff1'U ~'U l'J~ rJt,llJlJ1 11 1f1f1l'J 
. . " 

luilrJ'UUUCl-:)'\JV-:)ff11 U';j~f1V'U~CllyJV{ i'U imll1'U llCl~nlClfu'U"l 1 uv~1'U~U'\JV-:)V'4f1lfl'U Vf1111f1ij 

tlmh .... 1~'U ffmf1lfl'flf1flf -:) i~rJH'U~'U 11 1 f1lf'U i ~rJf1l'J 11';j111'J 'U'U -nV-:)tl'U 'U H'U Cl~ VV-:)';j 1lJ~ii'\J'Ul~ 
'U cu q q 

1 'I1qj\lf1fi1~~ i ~ rJ'J ~'U'U 'YIl-:)I~'U 'I11rJ 111 ff1'U~'U 1'li'U \lf1~f1'111 vm V-:), ~1 'UfIlrJ 1 'U 'liv-:) l1lJf1 UCl~\l f1 

\J 1 VVf1 111f1 ';j ~'U'U'VI1-:) I~'U 'I11rJ 111 i ~i ~rJf11'J 'V'I11 V111lJ 11~ H'U Cl~V V-:) 'J 1lJ~f1Yi11 ,rlfl~f11'J 'J ~fl1rJ • 

2.2.1.2 ~'UCl~VV-:)'\J'U1~11ilfl'U 10 'lJimllJ~'J (Particulate matter less than 10 

micrometer, PM IO) 

H'UCl~VV-:)'\J'U1~ '1ilfl'U 10 1lJ imllJm flV V'UfIlfl'\JV-:)U~-:)'\J'U1~1~f1~riV-:)ClVrJVU . . .. 
" 1'Umf1lfl'iil~'U~1'Ufl''UVf1m-:)91-:)II~ 10 'lJ lmllJ~';jMlJl (U.S . EPA., 1994) 1~'UlJClfll1~'YIl-:) .. 

.. do... d... ~ ~ ~ ~ ~'" I II "' . .1 mf1lfl''VIlJfl11lJff1flty m'lf111W~I1J'UV'4f1lfl'\JV-:)U'\J-:)UCl~m'\JV-:)U'\J-:)'\J'U1~1Clf1 ~Uf1 ~'U fl1'U lJlJ 
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1'lf'U ~'U~'U ~'U'illtl~'UCl~VV-:J'\JV-:JVl~lCl ff1'U~'U~lnfl'illtln'iltl';j1lJ'\JV-:JlJ'4lJ6 1~lln tll11Hlimj' 

" . " 
l;fVlYli1-:J 1flmllYll~'il1tltll'UYll'11'U~lil'M\.Jl~'U~h9fCl tll11Hl1mj'llUUlilfll'lf'U fnHH1'\JtI~ tll11Hl 

"" "_.1 .'1 d Q" 1 '\JV-:J1Cl't1'illtlltllJ~1tl11lJ ('I1tyl nH) ~'UCl~VV-:JVlltlfl'\J'Ufllt1 'UVlflU 'illtltl':i~U1'Utl11 

~~Cl'1'11tl';j1lJ~nV lM'lnfl~'UCl~vv-:J 1'lf'U 1 H hh1'U 1 H-:Jl'U~'U911lJ'U~ ~'UCl~VV-:J'\J'Ulfl hhn'U 10 

, 1 '" Q.1, i " '" .1" .1'" 1-.1-~ '" 0 lJ mllJm lJtl'il~ltlfl'\J'U':i~'I11l-:Jtl';j~U1'Utll11Hl 'I1lJ llCl~11lJtlU'\Jlm11Cl1 'illtl nnl fl1'U~1 

rI ~ 4 rldl " ~ ~ d t 1 ", 'illtlHHJ'U~'I1 1 Vlm V-:JtI'U ~Vl 'lH 'lfmYlM~l9fCl llCl~ 1'\JlJ1'illtll~11Hl11Cl~ tll1 lHl 'I1lJ H'UCl~ VV-:J • 
" . " 

'\J'Ul~ hiln'U 10 1lJ 1fl':illJ~':i 'illtlll'l1ci-:Jtll1iJ~l'I1cilil'ildj11~lJ1Wfl1{uV'UCl'-:J lid:1'Un-:J1il~ .. . 
rI 4 d rI rI .J rI , Jd. 0 G.I dOl" '" , 

flnuv'U llCl~V'UVl':i t1fl11UV'U 9f-:Jv-:Jfl111 ~ tlVUl'I1Cll'UlJUVlU 1'Y1 Cl'lflWVlVll mtl~H"tl';j~VlU~V 
" 

~'\Jfl1YllrlVlJ'4lJ6i~i'U~'UCl~VV-:J'\J'Ulfl 1~ln'U 10 1lJ 1mllJ~1 l.u'1~1l-:JtlltJ 1fltJtll1'11ltJl'il uCl~ 
Cl'llJ1Hll.u'l ~'YIH1~'U'I1ltJl 'il ff1'U iitl 1~ 'Vll 1 M'lnflHCl tl';j~ Vlmhrity~l~'U fl'U~1 ltJ~ V~'\Jfl1Yl ~'U 

"~VV-:J'\J'Ulfl 1~ln'U 10 1lJ 1mllJ~':i~tlUU-:JVVtl i~l~'U 2 'lf1-:J'\J'Ulfl ~V V'4fl1flff1'U'I1t11U 

, "" .ok 1 .;, i-I (Coarse Fraction Particulate) UCl~V'4fl1flCl'1'UCl~ltHJfl (Fine Fraction Particulate) 9f-:J fltJVl1 11 

V'4 fll flll~ Cl ~ ff1'U 'il ~ nll '11 ci -:J tll1 iJ fl v-:Jrl11 ':i ~ tl VUVll-:J lfl n llCl ~Yl q ~ tl ':i 1 lJ l'U fll tllff~ 11~tl~ l-:J fl'U 

Q "" .-

(1'U~1 'il'UfflCl'm, 2551) 

. . " 
H'U Cl~ flfl-:J lill '\J1'U Cl fl t1~ -:J fl1 ~ 'il1tJflVl 'U U1 1 t1ltllffn 1 i 1111 'U fll'illnfl 1~ 'illtll1 '11 ri -:Jtll1iJ fl . . .. 

" 
1fl tJ~ H uc\' 11lYl1 tl';j ~ 'illtJ~U 1 1 tJltl1ff'illtlll '11 ri -:J tl 11 iJ fl11'U 'I11fllnfl 'illtl11B n~ tJl~ H "l 1 'U 

U11 tJltllff 1'lf'U tll1 1 1lJ~1~1t111Bn~ tJ1Vll-:JytiYml 'I11fl11Bn~ t11Vll-:Jlfln (Photochemical reaction) 

. 1" Q !I .ok • , • '" 1" _ I '" .1 
Vll mtlflH'UCl~flfl-:J 9f-:JCl'1lJ11(l'illU'Utlll'l1Cl-:Jtlll'Ufl fl 2 111~lflVl ~-:J'U • 

!I .d '" .1 '" 1) ~'U"~flfl-:JVlltl~'\J'U~llJ1i11lJ'lfl~ (Natural sources) 
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~I .d "",.1 Q " 

2) ~'WCl::flfl.:.l'YI1fW''UlHllf1fHlm·nJ'Ufl.:.llJlfmJ (Man-made sources) 

" I , 1 

ff1lJl'HH11.hflfltl'~~.:.IU ~tJ U'I1~.:.Itl1l'U~Vi1fl~tJ'WVi'~ (Mobile sources) '~UO fJ1'W~1'11'W:: 
"" • I , 

,.h::1.fl'YI~l.:.1'l l1.:.1'Y1H1.Jtl 'YI1.:.1lhuCl::'YI Hflltllff ~"Jfl[h.:.l11'11~.:.Itl1111~Vi1fl~fl'WVi'~ 1'li'W HW'W~ 

~1clm 7 ::1.J1fJ~'W Cl:: tJfl.:.l flfl tl ~1.J7 7 Ultllff1 'W ~ 11'U fl.:.l WJ'W ~ 1~.:.I1 iI'W fl '4 fllfl 'U tJ.:.I m{ 1.J fl'W ~ 1'W 1'W 1J1tl~ 
Q , ,.." ,,: Q.1 d. 1.dt " Q.1 d' IV & 
1tl~ \) 1tltll7 1H1 'I1lJ lJ fflJ\! 7 til 'U fl.:.l'W llJ'W ~1C]m 'W 1m fl.:.lfJ'W ~ 1m:: HI \) m fJ1'W fJ'W ~ fffl.:.l \).:.1'111:: C]f.:.l . ... 
7 ::1.J1fJN'W Cl::flfl.:.l flfltl ff1.J7 7 fJ1tllff1 'W 7 11'U fl.:.lfl1'W 'U nVi1i1'W N'W Cl:: flfl.:.l'Ufl.:.lll1)j'W '11 ~ fl~'W 1i1'W ~'W 

" "cv .. 

ijtlff11'11~~fltll7 1.Jn 'VJtl1m::'U'W ff .:.I1MJOflfff 1.:.1 1 ~fJ1 ~ ~ 1::tll7 1.Jn 'VJ tlUCl::'U'W ff .:.I~'W'YI 7 1fJ ~ hHj 

tll711tlfl'llJff1'W~1.Jn'VJtl 1 MiJfl;~ '11 ~ flll fl7 ()~ij~'W'YI7 1fJ1tll::~flfl~~tl'l1 ~'W Cl.:.l~()'W 'W ~Clflfl'YI1.:.1~ 

1.:.1'11 vh 1M~'WCl::flfl.:.l1nfltll7~.:.Im::\)lfJ' 111 'W1.Jn fJ1tllff ff1'WU'I1~.:.Itl11ijfl~fl~n1.J~ (Stationary 

sources) ~fl 11'11~.:.Itl11ij~~ '~ff11J17 mfl~tJ'W~'~ '~uo1 H.:.Il'W Q~ff1'11 m 7lJ117::1.fl'YI~l.:.1'l 1'lf'W 

17.:.1 hHh 1~1'11.:.1~lJ~llJU1'W1~tJ'W UCl::tll71H1'UfJ::lJm·JtJfJ 1i1'W~'W . .. 
.. 

'Wfltl\)ltlU fll\)u1.hmlJm::1.J1'W tll7 1n~ '~1i1'W fl'4fllfl11jlJt,liJ (Primary particle) 1m:: 

fl'4fllfl'VJ~fJt,liJ (Secondary particle) 

fl'4.fl1fl11 j lJ t,l iJ (Primary particle) ~ fl fl '4 fllfl ~ \l tl11 Cl ~ 11 ~ fl fJfl fl tl ~1.J 7 7 fJ1 tll ff 

hwm.:.l 117:: tlfl1.J~lfJ fl'4.fl1fl ~ \l tl11 Clfl 11 ~ fl fJ 1 'W ~ 11 'U fl.:.l ~'W Cl:: flfl.:.l UCl:: fl'4 .fl1fl~1n~ \)ltltlU 

fll1.JUll 'W 'Ufl.:.l' fl7:: I'll fJfl~l.:.1n~1 ~ I'll r;i.:.l tll7 11Cl~11 ~flfJ~fltll 'I1.fliJ ff.:.l 1 'li'W 1 'W m:: 1.J 1'W tll7 1H1' '11~ . .. .. 
'JI " ~ ~ Q.1 Q.1 ,.dt .:1 

fl11lJ1'UlJ'U'W'Ufl.:.lfl'4fllfl11jlJt,llJ 1 'W1.Jn fJ1tllff'U'W tl1.J flm 1tll711Cl~11ClflfJ tll71flClfl'W 'YI tlnm:: \)lfJ 
.. . 

~1 1m::V~71tll7 Cl~'Ufl.:.lfl'4fllfl ~'W Cl::flfl.:.l11jlJt,liJfl1\)1n~11.:.1 1 'Wli 7 7 lJ'ln~ 1 'l1'W fl'4fllfl~'WVi\ltll1fl 
.1 I 1 .... , .. I}I I 0 Q d I , ,.. 

~1'U'Wff1.J77fJltllff ~fJCllJ Cl::tJfl.:.l1tlCltJ'YI::m lllJ1UCl::\)ltlU'l1Cl.:.ltll1'W~'lf1fll~ 1'lf'W 1tlff7~fltl lJ .. .... . 
ff11 fl{1 ;ffl7 1 U Cl::;'W ff1'W 'U fl.:.l ~ 'If ff1'W ~'W Cl:: fl fl.:.l Vi1tl~ \) 1 tln \) m 7 lJ 'U fl.:.llJ '4ll 61 'li'W tl n 1H1' '11 ~ .. 
1;ffl1~ihyJflffciCl 1m::~'W\)ltl()'W'W 1i1'W~'W 

fl'4fllfl'VJ~ fJt,liJ (Secondary particle) ~ flfl'4fllfl~1fi~ \)ltl11ijfi~ fJ11flij~vh 1 Mn1C]f1n~ 

tlU fll1.J ull 'W '11 ~ fl11 ij fi~ fJ11 fl ij ~ III 1 M 1 n~ tl 7:: 1.J 1'W tl1 7 g'W '1 tl 1.J n 1C]ffl ff 7:: 1 'l1'W tl U ~ fli1.J 

(Adsorption) 1m::tll7Cl::mfJ (Solution) ih 1M1fi~1i1'WtJ'4fllfl 1'11~ 'I1~fl1n~1i1'W ffn117::tlfl1.J~ih 

1 M1fiflfl'4fllfl '~~fl , 11 iJ \) ~fJ~ij HCl~fltll7 lnflfl'4fllfl'VJ~fJt,liJ ~flfl11lJl~1J'l~'W 'Ufl.:.ln1C]f~' 1~fltll7 

lnfl11ijmfJ11'li'W 1fl1C]f'W (03) 'I1~i~~7fltlciCl (OH) 1m::'~1~71\)'Wl11fl{flfltl'C]f'\ (HP2) 1m:: .. . 
ff.fl n:: hm 7 7 fJ 1 tll ff 1 'li'W 11~ 1J1 til f.:.l iY~ 1.:.1 fl1 ii ~ 6 U Cl:: fl1llJ;f'W -fflJ 11 'YI £ N'W Cl:: fl tJ.:.I Vi 1 fi fl \) 1 tl . 
1i77lJ'lf1~ 1'li'W nlC]f1.J1.:.1'lfij~~11Cl~11~flfJ\)ltl~'lf 1<M'W l'1fl{~'W (Terpene) lfi~11ijfi~fJ11flij~lfJUff.:.l 

(Photochemical reaction) tl1.J 1tJ 1C]f'W 'I1~fl'l1~'~fl7fltlciCl 1'W1.J77fJ1tl1ff ln~1i1'Wfl'4fllflfl'W'YI~6 ~'W 
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eJ~ fi' 11 n~ f) eJtJ '\J eJ~ ~14"~ eJeJ ~ ~14 m) otJU 11 ri ~ 011 iJ ~ eJ ~ fi'11 ':i ~ f) eJtJ~ ~hflill'\J eJ~ ~14 
III CU u q 

" "~eJeJ~ i 14 mmff~eJ ci'''lvJ~ , 141~':i ~ 'CYl':i11':i ~f)eJtJm{tJ eJ14 lh , ~ 1 ~':i 1 ~14' eJeJeJ14 UeJlJ llJ1ihJlJ 

imleJ14 1m~ Jj11Jf)~mh~'l eJ~fi'11':i~ f)eJtJ'\JeJ~ eJ'4fllfll~mll ~ tJu~mh~o14 ~llJ'\J14 l~'\JeJ~eJ'4fllfl 
~ ~ I .: di " 

'CYfll'YUJlJff1'CY~':i 1')f14~14'YI f)"'YI~m 1m~q~m" (U.S. EPA., 1996) 

1) i.'I'il1ftfl1'lfl~g)1'Utl~1.J'l·Ullfl1f1 (Atmospheric stability) 

. . ..... i '" m':i1f1"eJ14'YI'\JeJ~eJ1mff 14U141':i~~tJ (Vertical direction) 1m~U141':i~141tJ (Horizontal direction) 

ldeJl11~ tJtJ1n tJtJ OtJ'CY fl1~ tJ ':i ':i tJ1f)lff~1 ~ fl~~ ii ~~ ':i 1 f) 1 ':i" ~,,~ '\J eJ~ flW 11 fllJ tJ ':i ':i tJ1f) 1ff1'Yi 10 tJ . .. 
.k. 11) !II ?I '" ... 

Adiabatic lapse rate 9f~'CY1lJl':i()UtJ~'CYm~tJ':i':itJ1mffeJeJf) t~lU14 3 "f)lJW~f1eJ 

(1) 'CYfll'YW1mff~ii'CYfll~1~14f)m~ (Neutral condition) l1lJ1tJ~~ 'CYfll~tJ':i':itJ1mff~ 

flWl1 fllJU"~f111lJ'CY ~iifl11lJ ffmi14.fii 14 tlf)lJW~U tJ tJfl1~ tJ1J1~ f) f)ril1~ eJ eJW 11 fllJ "~,, ~~llJfl11lJ 
III cu '\f III IU 

(2) 'CYfll~mmff~ii'CYfll~i,jfl~~1 (Unstable condition) l1lJ1tJ~~ 'CYfll~tJ':i':itJ1mff~ 

~Wl1fJlJ"~"~~llJfl11lJ"l~ i 14~~':i1~lJlf)f)'h 1 fl~ff1~fl lOO llJ~':i i 14 'CYfll~~~f)ri11rifl i ,rlfi~m':i 

lfl~eJ14~'\Jfl~mmffi~lJlf)f)ll i 14 'CYfl1~1 ~14 f)m~ l~ fl~ ~ 1f)f111lJU~f)~1~ ':i ~1111~ ~W 11 fJlJ'\Jfl~lJ'm 

mmffU"~tJ ':i ':i tJ1 mffflltJ14 eJ f)ii'CY ~ f)111d fllntJtJ OtJ~':i ~~tJ f111lJ 'CY ~ l~ tJ10 141deJlJ1" mmffmii 14 .. .. .. 
'CYm~~l~14f)m~ 

. . 
dd Q.I & d. 

(3) 'CYfll~fl1mff'YIlJ'CYfll~f1~~1 (Stable condition) 111J1tJ()~ 'CYfll~tJ':i':itJ1mff'YI 

flWl1fllJ"fl"~~llJfl11lJ'CY~i14~~':i1~U'eJtJf)111 fl~ff1~fl 100 llJ~':i i14'CYfll~~~f)ril1rifli,r1fi~m':i . .. .. 
,., I ..... i"·· i ~ ~ ".q 

lfl"t)14'YI'\Jt)~mmff flmf)11 14 'CYfll~lU14f)m~ 114t)~~1f)f111lJU~f)m~':i ~1111~ ~Wl1 fJlJ'\Jt)~lJ1" 

m mfflm~tJ':i ':i tJlmfffl1tJ14 flf) iiU' fltJf) 111d mn tJtJ OtJ ~ ':i ~ ~1J f111lJ "l ~1~ tJ 1 014 1d fllJ 1" t) 1mfft)~ i 14 

'CYm~~l~14f)m~ 
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2) flll'JJ~uihu'Utl-:J~ln.J·rnnfllfl (Turbulence) 

. . . 
4 .ct Q"I ..:9 I' ~ 

f)1'j lfHH)'U 'YI'tI{)':)lJlmllf)1fH)'Ul'U {)':)lJ 1fHl1f) fll1lJWfI mil':) 'j ~ 'I111':){)Ol '11 f)lJUCl~ . .. 
fll1lJ~'U n{) 1 ,rli)~f)1'j ''I1Cl'tl{)':)lJ1Cl61f)1f)'~ijf)1'j lfl~-el'U~U'lJlJm ~u Cl'1'U (Eddy) l~VltJ'U f)1'j 

lfl ~ {)'U ~U lJlJ 6Cl''j:; 'tI{)':)lJ lCl {)1f)1f)'1 'U ~ f)11 Ol:; ~ 'U Cl':) 1 ~ tlfll1lJ ~ 'U 1l1'U ijfll1lJ -chri w 1 'U f)1 'j 
u 

,,, I I " 

fll1lJ1]'U1l1'U'tI{).:)i'U lJ'j 'j tl1f)1f)''11 ~ {)fll1lJ~ 'UU 'j.:) 1 'U f)1'j lflil{)'U Yi'tl{)':)CllJ 1 'Ui'U'tI{).:) 

Atmospheric boundary layer ~:;ltJ'Uf)1'jlfl~{)'U ~UlJlJijfll1lJ~'U1l1'Uli)~~'U 1 'UlJ~ nOl~1f)~ 
", " , 

Yi'U Hlfll1lJ1]'U 1l1'U ~:;lif'U '~i~ ~1f)f)1'j ff'U' 'I11't1{).:)i).:) '~UCl:; 1 lJ'~ f)n lflil {)'U ~1't1{)':)fl1'U'I1 ~ {) 

1 4.J~J Cl: ' 
~'U UCl:; 'j:; Cl{) f)fl Cl'U 'YIlf)~ 'tI'U lJ 'U f-Il'U 1 (Arya,1999) f)n 1] 'U 1l1'U 'tI {).:) lJ 'j 'j til f)1f)'ff.:) f-ICl,){) f) n 

m:; ~ 1t1~ 1't1 {)':)lJClYll1 1 'U 61f)1f)' 1 ~tI~lJ'.hlrl {)ij f)1'j ~'U 1l1'U 'tI {).:) lJ 'j 'j til f)1f)'Cl ~ Cl':) fll1lJl ~ lJ ~'U 'tI {).:) 

Cl'1'j lJClYllol~flf)tJCl~tJrl{)tI{){)f)lJ1 ~lml'H rl.:)t111il ~ 1 'U lJ~ nw 1 ~lJ ~ nw lHi.:)~:; ijfl1fll1lJl ~lJ~ 'U Cl'.:) .. .. 
, d i1.'1 d.1 " " ." 1'" ok d , 

U~lT1f)lJ'j 'j tl1f)1f)'lJfl11lJu'U u1'Ul~lJlJ 1f)'tI'U fll1lJl'tllJ'tI'U 'tI{).:) Cl'1'j lJClYflJ 'U lJ'j nw '11 'U':)'l ~:;lJfl1 

Cl~Cl':)li1 {).:) ~lmi)~f)1'j m:; ~lt1~llJlf)~'U 1 ~tI~f)lol Ol:;fll1lJ~'U 1l1'U 'tI -el':)lJ 'j 'j tl1f)1f)'1i)~~ 1f)Cl'11 '119J 

'I1~f)'l '~un li)~~1f)fll1lJ~'U1l1'Uli1{)':)lJl~1f)fll1lJr{)'U (Thennal turbulence) l~Vli)~~lf)f)1'j~ 
" ." 

Yi'U H11 Clf)'I1 ~ {)1~Q')1':)'lYi U ~lJ'U Yi'U Hl , ~ i' lJfll1lJ r U'U 11 Cl:; ff.:) f-ICl,) UlJ lCl -ell f)1f)' UCl:; Uf) Cl'1l'H 9J 

ok ." i1 .'1 ok."....d 
'11 'U':) If)~ ~ 1f)fll1lJu'U ul'U'YIl':) f)lt1m~ (Machanical turbulence) C)f.:) If) ~ ~ 1f) Cl f)11 Ol:; 'YI1':) f)1 tlm~ 'YI 

i1 _'I .,j " (1) fll1lJu'Uul'Ul'U{)':)lJ1~1f)fll1mu'U (Thennal turbulence) 

1] 1) ~tI'YI1':)~ 1'U fll1lJ r U'Ul tJ 'U 1] ~ ~ tI~ l~ till i1 U.:) lJ 1 ~ 1 f) f) 1 'j 11r-i i'.:) ff'tl {).:) ~ 1,:) U 1 i1 ~ U 
l~tli',:)ff~ffU':)lJl~lf)~l':)61i1~Uffhf)iji.:)i',:)fffl~'UJ'U (Shortwave radiation) ~.:)ijfll1lJtl11fl~'U .. 
l!{)tlf1'h 4 'lJmu'U 1'tf'U i'':)ff~Clm1'11{)lCl~ i'':)ffUf)lJlJ1 ltJ'U~'U llCl:;i'':)fffl~'Utl11 (Long-

ok ..,. .,j " ,.,j ".,j.,,?t" 'i 
wave radiation) C)f':)lJfll1lJtl11flCl'UlJlf)f)114 lJmu'U 1'lf'U flCl'Ul'j~l'j flCl'U1'Y1~ lU'U~'U L~tI 

1 " " , 

i'.:) fffl il'U ff'U Cl'llJn fI Cl':; l1' U 'U f) ~ lJ {) U f) , tJ ~ 1 f)-M'U lJ 'j 'j til f)1 f)''tI -el':) 1 Cl f) , ~ u,) i'.:) fffl il 'U till 'i):; , 1i 
" 

Cl'llJ n fI Cl':; l1'U'U f)~lJ U{)f)' tJ ,~U,) 1 tJ'U f)1 'j ur-ii'.:) fff) ~lJ UU f)' tJ ~ 1 f)-M'U lJ 'j 'j til f)lf)''tI{)':) 1 Cl f) 1 'U 

" . . 
'tfl.:)nCllf)Cll.:)tl'U ~.:)l1''U i'.:) ffYi I'll il U{)~'tI{).:) hf)lT ~ {) i'.:) ff"l'YI nYi 1 Cl f) , ~i' lJCl'llJ1Hltl1'U lW' ~ ~ 1f) 

• JI, " , I 

i'.:) ffYi' ~ i' lJ ~ 1 f)~ 1,:) U1i1 ~ Un.:) i'.:) fffl il 'U ff'U 11 Cl:; i'.:) fffl il'U tl11U Cl:; i'.:) ffYi 1 Cl f) Cl':;l1' U'U IT ~ U ur-if)~ lJ 

U{)f) hj~lf) hf) (i'lf1 iltllJ, 2535) 

fll1lJ r {)'U ~ flf)U l' tJl i'~'U U vnlJ~f)l1Ol:; 'tI -el.:)lf'U ~ 1 'If'U 'I11f)lf'U~lil'U If'U~ 1 'U .. .. 
" " " " 

111 '11 ~ m il'U Yi'U Yi Yi uvl f) ft'u '11 rl.:) U 1 fl1't1 U.:) tJ~ lJlOl i'.:) ff Cl''YI n 'i) ~ fI flU 1 , tJ 1 i'1 'U f)1 'j 'j:; l'H tlU 1 .. . .. 
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" . . 

1J1f)f) 'h".:J~~Ul1~mfnr-HntyV1f)1ff U~l11f)t~uYluVi1 UtI~ nWl'\J~l1itl.:J U~1J1W i' .:Jff"l'Yl~Vi 

ln~~u()mh' u1.n Uf)1'j lr-nr-mltlJtIlf11ff l1 ~ t1".:J ff~U 1J1 f)w.h~ 11~ () f)Ul 1 u1 ~1 U f)n lr-ll r-mltlJJl cu u cu cu u 

ff.:Jr-I" 1 MtIlf11ff1 utI~nwl'\J~l1i t1.:Jijfl11lJ~ t1U "'.:J U"~ff .:Jr-I"~m~t1.:J 1 uil.:Jf11'j lfl ~t1U~'\JtI.:JlJ1" .. 
tIlf11fflm~"mJW~f11'jfl.:J~1'\JtI.:JtI'j'jrnf11ff~t1 1u (1f1fJlJ ~U'Yl{un1, 2522) 

, 

(2) fl11lJilUil1Ul;.:Jf)" (Mechanical turbulence) 

fl11lJ;JU il1Ul;.:J f)" lnfl~U 1 ~ t1.:JlJ 111 If) lJ 1" V1 f11fflfl ~ t1U ~ r-ilU l~ Q~ t1~tlU 
~U~hff .:Jr-I" 1,rf11'j' l1"'\JtI.:JV1f11ff~t1.:J1U~VUilff'Yll.:JU"~fl11lJl ~1 ~.:Jf)1'j lU~VUUU".:J~.:Jf)rll1 
ff .:Jr-I" 1 ,rlnflf)'j~U"'1U (Eddy) (Jacobson, 1999) iflVfl11lJl ~ 1"lJ~~lMl~ t1.:J,.,1f)fl11lJlffVfl'Yl1U 

.d d Q,I .ct.4 ~ Q 4 d !1 Q,I " 

C)f.:JlJr-I"1J1"'1f)"f)fJW~fl11lJl'j Vtll1 'j t1fl11lJ'\J~ '\J'j ~'\JtI.:J'VlUr-I1 l1 'j t1lJ r-I"'" 1 f)lJ ,., ~W'Yll.:JfllU f11Vfll'Vl 

. " " " " " '\JtI.:JfliJU'j~I'YlffViijtl,i l'1fU ')fUfl'\JtI.:JYlUfb "f)fJw~YluViVil~Ufl1'\Jl YlUUl ill 1~ ,)lUl1,J.:Jlm~ .. ~ .. . " 
fl11lJl1U1U,JU'\JtI.:JYl')f U"~l'\J~I1itl.:J I~U~U (fll'VlVi 2.1) "f)fJw~1'I1rll'ih)t1 1 ,rlnflfl11lJU~f)~1.:J 

'\J t1.:J f11'j lfl~t1U ~'\JtI.:J "lJ~fl11lJ '" .:JU~ f)~l.:Jnu ~.:Jij r-I"1J1"'1f)fl11lJl ffVfl'Yl1U ff.:J r-I" 1,r f11'j f)'j ~ 1l1V .. 

I "1 " " 

"'~ 1.:J Vi ijtld1 uYlu Vilh~ Vf)11fllfl11lJ'\J ~ '\J 'j ~ Ylu fb (Surface roughness) 

600 Urban ar~. Suburbs L"""I country 

500 

400 

S 
'--' 

~.300 
~ 

Grad~lwind ... 
c: 

200 

100 

0 
0 5 10 o 10 

, 
3) 'UU1Yl'Utl~tl'l;imflUil::"::f.l::nillfl1'lfl.:Jtlg 



II 

HU~~VV~~Ul~~lnnl120 • 

,hvvn '111~tJm':i~n~1 t1~nu u~~~n~~lJ1ltJmJu iU'YIH~':i~nWU'l~HU~~VV~~Ul~l~U~hu . 
ffu6n~1~ 0.2-2 ,~ 1ml~~':iltJUUlfri~~U~~UH ~v~mmctu~1ltJUl~GJJ u~ijm':i~n~~l ltJUIlf~ 
~ . 

" i,r~U~~vv~ij':i~tJ~m':ifl~~1V~'~U1U m~uluil~lf~ltJrVtJ1Uiuiu~~~v~ 1'Y1':i 111m~tJ U~m':i 
" I So' " 

'lf~~V~lll~lU~~m':im~'YI1J~~~~':i~tJ~l1~lfl~V~viY1Jil~ffl~iY1J1Uiuiun~1~U~~iUriH~V~ 

1'Y1':i 111ffl~tJ ,rUfiVllf~H~~V~m':iff~ff~~V~~U1~U~~~'lh~~V~HU~~VV~ ~~.fll~~ 2.2 (Wallace • • 

u~~ Hobbs, 2006) ~'W~~Vv~~ij~'Wl~imy (~'Wl~l~'W~li!'W6n~1~ilfqjnll 100 '~mv'W) m~ 

U~1'W~vtJv~i'W1JntJlmff'~1l~M 2-3 'W1Yi LL~~'W~~VV~~ij~'Wl~l~nnll 0.5 '~mv'W m~LL~1'W 

V~i'Wmmff '~'Wl'WltJ'WiJ (m~fl11JfJ~~~VilJ, 2552) 
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....--- C apture b y --... 
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w eeks I Hot.:'rs tal M inutes to hou(s 
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2.3 8,uhh::fl8'lJnHlf'1ij'U8-3~'n'l::8M (Chemical composition) 
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'.. . 1''Iftl'SlJ81.1 If'J8 UlJDftftl'SlJ81.1 

(Elemeftla. earboB Or Black carbon) 

. 
.... ".1 ..... .1 

iIl'VfTl 2.3 t)~f1lJ~::nt)U'lJt)~t)~mrlflWlJt)'U (~~UlJCl 'Hnn Huang, 2005) 

1) V'U'VI~Vfl1{Ut)'U (Organic carbon, OC) 1l::ijfl11lJUlln~1 ·:ui'U'HCl1tltJ~::tfl'VI ff1'U1my~ 

.... u 1 'UU ~ ~ tl1f)1f11l::1111l1nf)1~ tr-n i mj'~ hi Cl'lJ\j ~ ci' 'lit) ~ Cl'1 ~ tJ~:: ntlU V'U 'VI ~ V~f111lJ n~t:Ilf)1f1~ 1 

V'U'VI~VfI1{Utl'Ut~'U~1U'VI'U~~hTl\\!'lJt)~ Cl'utJ~::nt)ut)::l'Vh~f1 t):: hlll~f1 1 .... iliC!1f1ilflt):: hlll 

~f1'~1~~fI1{ut)'U (PAHs) 1 .... ilflClt)lt'Utll~'~1~~fI1{ut)'U (PCBs) tm::g'U'l ~~ umi~fht'l1~ 
" 'Ii'U~'U'lJt)~V'U'VI~ VfI1{ut)'Utn~1l1n f)1~ tr-n i'H~ri1'Uii'U f)1~tJClfltJrit)tl1l1n 1mfftlHltI'U~ 1m::nu 

1 Vd c. d tI tI d CV'::'1" 0 1" 
1~1 'HlJ'lf1lJ1Cl tl'U'YI~tlflUUtl'UlJfJWCl'lJUll 'Uf)1m~::lll~UCl'~ (light-scattering) 'VI1 'HCl~f111lJ 
,,, " , 

~t)'UYifft)~lJ1V~~'U 1Cln ff1'UV'U'VI~VfI1{Utl'U'Ii'UYiCl't)~ (Secondary organic carbon, SOC) 1n~1l1n 

n1~ 1 tJ~tI'U11 tJCl~'VI1~lflij'lJt)~V'U 'VI ~ v1'U U ~ ~ tl1n1f1 1l1nn1~ 1 tJ~ tI'U 1l1nCl'1~ V'U 'YI ~ V~ ::1'11 tI~ltl1l1n 

Cl'm1:: n1C!1' tJ1 ~'U ~'U Cl:: t)t)~ '11 ~ t)f)1~ f1111 u'll 'U 'lJt)~ Cl'U V'U 'VI~ v~::m tI~ 1tl~ijfl11lJ~'U i t)~ 1 '11 ~ t) • . . " 
f)1~ ~~ci'U'lJt)~n1C!1YiH1'lJt)~tl~mfl ~'U Cl::tlt)~ UCl:: V~lnfl i~~1 'U Cl'm .... Yiijfl11lJtM'U 1 'U t:Ilf)1f1~ ~ 

(Pandis 1m::f1W::, 1992) 

.. ...... .. 
2) 1il9JfI1~l1t)'U (Elemental carbon, EC) 'H~t) Ul1Clflfl1~l1t)'U (Black carbon, BC) lt1~1l1n 

f)1~~1lJ~11~'Un~lJti't)'U'lJt)~t)~mflfl1{11t)'U1~n'l ~::wh~~ijnu1~1''H~ 1'lf'U 11l1H~'~ t1l111~~lJ 

tJ~::lfl'VI1~~'U UCl::1fl~t)~tI'U~~1C!1Cl (U.S. EPA., 1996) nutJClfltJrit)tI'lJt)~nn1~11'H~~hj 

Cl'lJ\j~W1~'Um1n UCl::1~'U~1f)1~ "bTl\\! 1 'U f)1~~flci'l1UCl' ~ 1 'U11~ ~ tl1f)1f1 nt) 1l1'lnfl~Cl~.yh 1 l1'~t)'U 
." . 

(Heating effect) 1 'Um~ncrl1n'U1i19JfI1{11t)'UV~1~'U~111~U~UCl'~Yifft)~lJ1V~~'U 1Cln nt) 1 l1'ln~~ClYi 

'th1l1'1~'U (Cooling effect) '~l'lf'Un'U 

Cl'utJ~::nt)l1f11{Ut)'UCl'11ll~fIlwnt)t)nlll1~'U7 ff1'U~1t1n'U;)t) OCI OC2 OC3 OC4 

ECI EC2 EC3 1fltl1~1~ Thermal optical reflectance (TOR) ~lu'UnmlJ~~Cl'l~ Interagency 

Monitoring of PROtected Visual Environments (IMPROVE) (Cao 1m::f1W::, 2004) 
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~wnflflfl{umJ 1'W1~h,)1Yl~1lJfl{ 

2) 1'W191Hl (Nitrate, N03"> ~YlU 1'Wu') ') tJlfllfHh'W htqj\l~flQ1'W1UUfllJ 1lJ1i1tJlJ 1 'W 
~ . 

191n'1 U911Jl~fli' ~m\lflQ1'W1U'lJfl~ 1C)f1~tllJ 1 'W191n'1 19ltJm.Pl1fl'IJfl~ 1 'W191,)'Vl 1'Wu')') tJlfllffffllJ1HI 

1U~tJ'W lU'~ \llflU~fi~ tJlflflfl9119l~'W 'lJfl~nlC)f 1 'W 191') 1 \l'W 1 9lflflfl 1 C)f,) ~~ih1'l1 C\~fhl'W 9lm\llflfll'i 

1Fn1l1~~ihJwl1fJii~~ '~uri tJl'WYlll1'W~U,)~Ul'Vl91H'l h~ hHh 111'W~'W 
3) iCl1~91 (Sulphate, S042) ~YlU1'WU,),)tJlfllfft'h'W1l1qj\l~flQ1'\.J1UUfllJ 1lJ1i1tJlJ 

iCl1~91 19ltJfl'4fl 1fl'IJ fl~iCl1~91 \l~ 1 U~ tJ'W 1 Um\llflU ~fi~ tJlflflfl9119li'W 'lJfl~ n1C)fiCl1~fl{19l fl flfl , C)f,) 

~~m\llflfll'i 1fn 1 l1~14fl1Yl~~~flff91Cl 1'lf'W h ~ 1~vh~1i'ci1'Wit'W111'W14fl1Yl~~ fll') flflfl9119li'1 'W 

U') ') tJ1fll ff'IJfl~iCl~~ fl 1 1I'W ~ 'W ') 1lJ..t ~ fl'Wfl1fl 'IJ fl~1fl~ fl ci'Cl1~91 ~~ \l ~ 1j F·.m 91 fll1ff'W ltY tJ'IJ fl~ fll 'i • • 
d .. " lJ fl~1l1 'W flfl9l 1tJ 

4) UfllJ 1lJ1i1 tJlJ (Ammonium, NH4+) ~YlU 1'W U')') tJ1fllff~h'W h1qj\l~fl~1 'W 1U 

UfllJ 1lJ1i1tJlJiCl 1~ 91 11 Cl ~ 11 fllJ 1lJ 1 i1 tJlJ 1 'W191 ') 'Vl ~~ 11 fllJ 1lJ 1 i1 tJlJ fll \l U Cl 9l U c\ fl tJfl flfllJ 1 \l1 fl 

11'11 c\~ 011'l19ll1 ClltJU') ~ 1fl'Vl 1 'If'W fll ') 1fl£l91 ') m ') lJ ~91 ff1l1 m ') lJ~~91~ tJ1fl1j 11Cl~ fll') VfltJffClltJ'lJfl~ 

tY911111'W~'W 

5) fl~Ti'U,)~flflU~lYl1fl11flCl1~tJlJ (Calcium, Ca
2
+) 1Yl11'Vlff1~tJlJ (Potassium, K+) 

111'Wfl~Ti'U,)~flflU'lJfl~1U~ flfl1 Clfl~1jflV1 'W it 'W11Cl ~ ~'W 19ltJ 1 'WU ') ') tJ1fllff'IJfl~1'IJ911;jfl~ \l~lJ1\llflfll,) .. 
-~ ,J..::, d.f..,., 1 ..,. 1 
lNfl') ~ \lltJ'IJ'W fl flflH'IJ fl~ H'W Cl~ fl fl~'VlYl 'W ~1 1 'If'W 0 'W 'W 11 Cl~ 'W 1 'lJ91'lf'W U 'Vl \l ~ 1fl9l \llflfll,) OYl ') 1'W • • 

~ ~ 

l1~ flCllJ~9lfh'W1l1i1flYi'W~'W 1Jl~fli' ~m\lYlUfl~Ti'U,)~flfl1.1'lJfl~ 1 Yl11 'Vlff1~tJlJ\llflfll,) 1~1 1 l1~;1lJ1Cl 

~ 

fll') UCl9lUc\ fltJ\llfl1 ~mYl~~~1C)fClU Cl~ 1U 'W 91'W 111 'W 11 l1 c\ ~ 0 11-w 9l ~'W Cl~ flfl~ U jlJfJii11 Cl ~ 
, ,,, " 

'tJ ~ tJfJii fl~Ti' U ') ~ flfl 1.111 ') flVi \1 flU Cl9l U c\ fltJfl fl flm \l1 fl tJ1 'W Yl1l1 'W ~ Vi1 i'1 ~m Yl ~~..;~ 2 'If-w 9l fl fl 
.1 ..,. .. """ 1" ff1')lJ,)~flfl1.1fl'W'Vl')tJm,)1.1fl'W UCl~1i1~m,)1.1fl'W (Watson UCl~flW~ , 1994) 9ltJ'il~Yl1.11i1~flU1.1fl'W 

lJ 1flW;i1 V'W 'Vl~ Vfll {1.1 fl 'W 1 'W 1 {)1 iY tJ'IJ fl ~ 1fl ~ fl~ tJ'W"~ 1C)fCl 11 Cl ~ \l ~ YlU V'W 'Vl~ Vfl1 {1.1 fl'W 111 'W 

fl~Ti''lh~flfl1.1~1')'W 1 'W 1miYtJ'lJfl~1fl~ fl~tJ'W"11.1'W91'W (Hildemann UCl~flW~ , 1991) UCl~Ylu 'h 1 'W 

1fl~ fl~tJ'W"~1C)fCl1j11'W 1 1 UlJ'lJfl~U~mW 01lJ~tJ'WlJ1flfll11fl ~ fl~tJ'W ~11.1'W 91'W flVl~ 1 ') ~911lJV~YlUl1ij 

fl'4fl1fl'tJ~tJfJii~1fi9l \llflfll,) 1 U~tJ'W 1 U'lJfl~ n1 C)fiCl 1 ~fl{19lfl flfl 1 C)f,) ~\1 flU c\ fl tJ\llfl 1 miYtJ') otJ'W ~ 

~1C)fCl1 1I'W ~h'W 1 l1 ui 11 Cl~ V~YlUll 1 'W 1 {)1 iY tJ ') 0 tJ'W ~ V~1 11'W11l1 c\~ 0 11 -w 9l 1 l1 ui~u Cl9l U c\ fl tJnlC)f 
u u 

flflfl 1C)f')'lJfl~ 1'W 191 ') 1\l 'W ~~ fl1 \l \l ~ 1n9l fll') 1 U~ tJ'W 1 u1 'W 1.1 ') ') tJ1fllff1 11 'W fl '4fl 1fl 1 'W191 ') 'Vl 1~ 
~ 

(Wangkiat, 2002) (V'1~o~1'W1'VltJl-wYl'W;'lJfl~ tiCltJ1m 9l~~h1,),)W , 2549) 
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2.4 .:.tlU1;UJ'fllfltl1'U8.:.t 

ff1";r:i ':if.U Un'1.:JllJ (2543) fffnnclf)'lHU::'YI1.:J ffW j 1'U In'!:: fl.:Jrlll~:: fH)1J'YI1.:Jlf1ij'\J~N~'U 
" . 

"'::flfl.:J'\J'U1~ 1~lii'U 10 1lJ 1 m llJ\91~ '1 'U f)1.:Jl'Y1 .... lJ111'U m 1 ~V'Yi1f11~ \91 ~ "Hl i~ '1 'U 1J1nW l1'UVi1lJ 

" .. 
()'U 'UU"':: 1J 1 nw l1'UVi 't11 1,Ji 'U 'li1.:Jq ~ H'U u"':: q~ 11 'U 11 ~1 f)f11~ fftlln .... 1J i1f111lJl'li'mr 'U '\J fl.:J ~'U 

" . 
"'::flfl.:J'\J'U1~ '~lii'U 10 1lJ lf1~llJ\91~ '1'Uq~11'U11ijTi1~.:Jf)i1q~H'U 1~V1J1nWl1'UVi1lJ()'U'Uijfl11lJ 

, " ,. 
l'li'mr'Um ~V'\Jfl.:J~'U"':: flfl.:J'\J'U1~ 1~lii'U 10 'lJ 1m llJ\91 ~ ff .:Jf)il'Vl'U Vi't11 hJ U"':: .... 1Ji1~'U"'::flfl.:J . .. . 
~lJ1 ~ 1f11 fI ~ fl.:J V'U ~~ lCJ1'" ijfl1f 1J fl'U flfl f)c)fl ~ 'U u"':: n llJ:: tl 'U 1 il 'U fl.:J rl'lh:: f) fl1J 1'lf'U 1~ V1tl1J ~'U • 
"'::flfl.:J~lJ1~lf11f1~fl.:.tV'U~l1J'Uc)f'Ulm:: 1 ~.:J hHh ff1'U~'U "'::flfl.:J~lJ1~1f)f)nnflfff1.:JijufI"'1;VlJ • 
lil'Ufl.:Jrl'lh ::f)fl1J '1 'U '\Jw::~ ~'U~'U ijufI"'l;VlJ fl",ijlU VlJ c)f~f)fl'U lil'U fl.:Jrl 'lh ::f)fl1J 'U flf) ~lf)if V.:J . .. 
.... 1Ji11m~-:Jn11ij~'\Jfl-:J~'U"'::flfl-:J'\J'U1~ 1~lii'U 10 1lJ lmllJ"~ '1'Uf)Hl'Y1 .... lJ111'Umff1'U '1 mUlJ1~lf) . ." 

" . .... .... 1 "'I. 1"".1 " " ".1 "" f)",vm \91-:JfJ ~ 1~ ~ W (2549) fff)fl1m~ llJ'" V'UU lJ "'.:Jfl11lJl'\JlJ'\J'Ulm:: fl-:JfllJ~ ::f)fl1J'YI1-:Jlf1lJ 

'\Jfl.:J ~'U "'::flfl-:J'\J'U 1~ 1~lii'U 10 1lJm fl'U '1 'U ~-:Jl1i~ fflJ'YI~ tl~ 1f11~ .... 1Ji11J 1 nw ~ijf)n ~hlij'U • • 

"" .d 11 " " "" • • " . 1 "'I ".1 ... fI11lJl'\JlJ'\J'Um M'\Jfl-:J~'U "'::flfl-:J 1 'Uq~lm.:JlJfI1~ -:Jf)111 'U q~H'U U"'::fff)fl1fl-:JfllJ~ ::f)fl1J'YI1-:Jlf1lJ .... 1J 

Na Si Fe S CI K Zn OC EC SO/- NO}- cf Na+ 1m:: K+ fI1~i1~::ijU'U11,j'lJlJ1~lmm~-:Jn11ij~ 
" tl~::1fl'YIfJ"ffll1m~lJ V1'U .... 111'U:: m~lH1'\JV::~1lJ m~lH11m~;1lJ1'" ~'U~'U U"'::~'U()'U'U nlJ't1-:J 

~1f)~'U "'::flfl.:J'YI::m 

QI ,~ .Q ",: cu tI..:i tI 0" 
()'U'U "1flVH'YI-:Jl1lJ~ (Jf)11m1::11'U111'Uf) 1i1~ tl~::~ U"'::fI1~1Jfl'U CJI-:JflU1Jfl'U(Jf)'YI1'111 

ltl~V'Ulltl"'.:J~mUl1flij 120 250 450 1m:: 550 °c '1'U~1~VlJ1J1ff'YI1i' lm::~flWl1flij 550 700 1m:: " . " .. 
. . " 

fI1f1Jfl'UViflflf)lJ1VifJWl1fJij 700 °C .... 1Ji1ijTi1 '1mi'lfiv.:Jtl'U 10 f1i'-:J '1'Uf11~tl",~tl~flV'\Jfl-:J 

lf1~fl-:JV'U~l1U f) ~'1 ~l:5fl1""~-:J~lCJ1'" ~-:J fflJ~'U 1i' tl1Jlf1 ~ fl.:J V'U~11J1 ~, ~1:5fl1""~.:JnlC111CJ1~'U ff1'U 

. "" 
fl'U'YI~ VfI1f1Jfl'UViflW 11 flij 120 °C 't1.:Jfffl-:Jfli' .:JijTi1lJ1f)~1f)m~ tl~flV 1 fl1iYV~lCJ1'" ff1'U '\Jfl-:JfI1f 1Jfl'U . .. 
'.k " " 

VifJWl1fJij 550 °c CJI.:Jlil'U,y1flflf)c)f1~ci'1J~~V1f11ff 't1.:Jfffl.:Jfli'.:J ijTi1lJ1f)~1f)f)ntl~flV'\Jfl.:J 
I ,,, ." 

lf11fl.:Jv'U~Vi' ~1~fll""~.:Jn1CJ11 CJI~'U l'vi1n1JVitl~flv~lm~fl1""~.:J~lCJ1'" f111lJU"f),j1.:J '1 'U fl.:Jrltl~:: f)fl1J 
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~il1j'w'W£n'W ()1,",,",~lYltJ~"'W~'"'~tJulJ1,rmnhwnJriUtJ,",lfH~mVi~~~lC)f~ U~~n1C)f lC)f~'W ri~H~ 
1,rlnflUV1~ifll,",'W ,",ln~1UV1~ 1'W'U11 tJ1fllf1g'W"l lf1tJfll1 1'* U'U'U~l~U~~i''U ... 

" , 
Turpin U~~ Huntzicker (1995) ffml1fll1~lu'Wn~~uu~u'W'Yl~6'1i'WYi 2 U~~tJ~lJlWfl11lJ 

" I , I 

l'li'lJ'Ij''W'\Ju~~~uu~u'W'Yl~6'1i'WYi 1 U~~ 2 1~wh~ SCAQS lf1tJ1~fhm~tJ 2 'ih llJ~'lJU~ OC U~~ EC 

'il1nfll1ffml1fJWfl1Vi()1fllf1~UflilyJv{l'wtJm)'W 19l' 1'WtI 1987 U1lJ1'thfl11lJl'li'11 'il 'f1'W1lJfI'UV~m1 
.c::. Q 4r/ 0 Q " " .Q d"~ d .k Q.I .c::. ~ ~ lnfl~~VV~V'W'Yl1tJ U~~fll'H'WfltJ1lJlWfl11lJl'UlJ'U'W'UU~~~UV~U'W'Yl1tJ'U'W'Yl 2 C)f~lJ'Wlnfl'U'W 5 f1H 

I ~'" .,. .,. d~:' d 'I' .4 ~ I 1~'H11~fll1rm1:n 'Wq~pV'W U~~lnfl~~UV~U'W'Yl1tJ'U'W'Yl2 ~~ t'W'ln~nm 16.00-18.00 C)f~llJ'W')f1~ 

dd I .,..1. '" 'i 'i .1 .;, 'i 1 I • " 

'YllJllff~ u~~m"l~"lfl'il~ln~'U'W'UUtJ"l 'H~~'il1n tU tC)f'W~~'U'W 1-2 ')f11lJ~ 'W')f1~'U1tJ1VtJ~~ 80 
" , ", I 

'UU~~~VU~V'W'Yl~61~'W 'Ii'WYi 2 f111lJl'li'lJ'Ii''W'UU~~~uu~v'W'Yl~6'1i'WYi 2 ff~O~ 14 'lJ lmni'lJ~u ... 
~ 'I '" d' 'I .... 'd "" .,..1'1'" ~ 

'In'U1f1fHlJ~1 1 'W'U1~1'W ll~~'Yl'W1ff'W 1 ,",f1 UVi'U 11lJfI 11lJl'UlJ'U'W ~ ~"lflln~'U'W 1 'W 1'Wlff11 

" , 
hWtJ1~lJlWfl1f111lJl'li'lJ'Ii''W'lJU~V'W'Yl~ 6m5 'UU'W 'Ii'WYi 2 Vi'Ul1 ri1'W'UU~U~fi1f1V'W'Yl~ 6m{'Uu'W 

" , , 
1 'WU'Hri~'Ii'WYi 2 1 'Wfll1 ltJ~tJ'W 'il1nn1C)fl~'WH'W ~~UU~'UU~ff11 V'W 'Yl~ 61 ~l'H tJ~ 1tJontJ1 ~lJ1W fl1l ~tJ . ... 

1 ~ffflri1'W ~u vtJ~"l~'Uu~ U~ fi1f1V'W 'Yl ~ 6U~~1l 'U~ f1f11{ 'UU'W 1 fI mn~~'W 1 'W 'li1~~iim1 ~f1 ~~'UV~ 
" , 

tJan~ tJ1nn 1 ~U ff ~'Yl Hlflii fl1nn fl1'W 1W 'il1nili u, ~fl1~ ll!f1r utJ~ ~ 17 1 'W q~'H 'W 11 lij U~ 
~.,. '" ,,,. " 'I .: d' '1'i.I.4d 

l'UmmmJlJ u~nq1:J U~~ f1m~~"lfl1UtJ~~ 78 l'WVi'W'Yl 'lntJH~'Yl~m')f'W'U'Yl 1'W 11l1~lnff C)f~lJlJ1~ 

()1fllf1lfl~U'W~lJllf1tJ~H'il1n'Yl~m U~~V~Vi'Uflnl1fl1~lff~'UU~u'W'Yl~6m{'U{)mf'W~ 2 lnfl~'W • 

Ho U~~f1W~ (2003) ffn1:J1~n1:JW~u~ri'tJ1~nU'U'Yll~lflii'Uu~ PM25 U~~ PM IO 1'W~{)~n~ 
, " I I " I 

lf1tJ'thfll1 ~ 1 1'il1f11 'W'U~ nWl'U~lijU~Yi I~'W ~1U'Yl'W 'U {)~~'W YiYiiinn 'il 1 1'01 'H'W 1U,j 'W ~'W Yi 1 'WV1'W 

Vi1W')ftJnnlJll~~ h ~~1'W~~ff1'Hm'JlJ U~~I'U~')f'W'U'Yl'U~nW')f1tJ~~'Yl~1~ 1'W'li1~q~'H'Wn 'il1n 

" m'Jffn1:J1Vi'Ul1tHri'tJ'J~m)'U'UV~H'W~~V{)~";~ 2 'U'W1~ 1'W1'U~lij{)~iifl1ff~nl11'Wl'U~')f'W'U'Yl ll~~ . ... 

'i d "' • .1' . I ... d ~ 0' ~.4 
'Yl~m UUlJ llJl'WtJlJ C)f~111~ 'WI~'J'Yl ffn1l1~nU'UV'W'Yl'JtJm'J'U{)'W U~~li1~m'J'UU'W C)f~lJ1'il1n 

nn'il'J1'il'J 1l~~~H1'W~~ff1'Hm'JlJ ri1'WU'JlJIUtJlJ UfI~l~tJlJ l'H~n UlJnUI~tJlJ ll~~''Yll'YlIUtJlJ 'il~ 

1~'Wu~ri'tJ'J~nu'Um\n'UU~H'W~'W~lnfl'il1nfll'J~~m~'il1tJ~'Wflnflf~~llJO'W'W 1'W'lJW~~H'W~~VV~ •• • 
1'Wl'U~')f'W'U'Yl'U~nW')f1tJ~~'Yl~I~'il~Vi'U lC)fl~tJlJ fmu h~ U~~~~I~~ 1~'W u~ri'tJ1~nU'U'H~n 

", " .di " .. I dGt 9i cv ~ d~ cv , 
Qin U~~ Oduyemi (2003) f1n1:J1{)~f11l'J~nU'U'Yll~lfllJ 1'W PMI01'WU~nq1:J Vi'W'Ylf1n1:J1~~VQ 

1 'Wl'U~lij{)~'Yl1~~~1'W uun'Uu~ 'lntJH~'Yl~m~ '~ii 1 'J ~~ 1'W {)~ ff1'H m 'JlJ Vi'Ul1{)~ri'tJ'J ~ n{)'U'Yl1~lflii . 
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01 I d , 0 ~ dod 1 " I d tl~fll1'j::fltllJ'\Jtl~~hHl:: tltl~'YI111~lflI111"~f)11'U~'YIlJm ::lJ1'U f)1'HH1 l1lJ ff1'U UtllJ llJl'UtJlJ1~ lfl • 
!I dd d .1... d 'i d 1 .6 ~ 
~'U,,::tltl~'YIlJm::lJ1'Uf)1'j'Yl1~'lf1fl1"" 'Utlfl~lfl'UtJ~""lJl1f1"19HJlJ 1m:: ! .... U'YIffl9WlJ tltltl'U 9f~llJ'U 

tl~fll1'j ::fltllJ'YI1~lflij'\Jtl~111~tlfl hfl U~1J1~flf~~""lJ -h 1 .... I1'Y1ffl~tJlJlJ1 ~lflfll'j Ir·n 1 m!;1lJ1" 

tl'4fl1f1 ~lfl'YI:: I" ~:: .... lJ 19f1~tJlJ 1 tl tl tl'U fI" tl h~' tltl tl'U 11":: I1lJ flU l~tJlJ 11 ,,:: V~""lJTi1~l1~ 111 W 

" 1 !I 1 " " 1" I .;, '" ... d .6 '" " 'UtltJ 'U~'U"::tltl~ ~~ntJ ~l1fl Yl::fl1 'Ufllfl" ff~fl::ff 11"::'YItl~I1~~ 9f~lJ1~lflfl~m'jlJ'\Jtl~lJ'4lJtJ 
o .. .. 

l~tJijflln"I~'U tl~fll1'j:: fltllJ~'U ,,:: tltl~l1l1rimJlJ1~lflm ::lJ1'U fll'j lH1 1 m!'Il1iJ'Ul~tll .... ~~ d1'U 

~ '" d" " "1"''';' ~ Salma U"::flW:: (2003) nfllJ1tl'U'YI'jtJm'jlJtl'U U"::1i1~fl1'.ilJtl'U 'UllJtl~lm::ff~U1~C1tllJ 
.. 
~'U!1'U 1 'Ulijtl~\!~1111ff g~flll 1~lJ~1tld1~~'U ,,::tltl~ 1 'U'lh~fl"l~i'Uu"::flm~;)'U lm::i~~'U 

1 "1'" '::.J': 1~'" '''' I .,1 ,,::tltl~UlJlJtltl'U "'U 'UllJtl~ U,,:: .... 'U'YI .... 'U!l'U fl -C11lJtl~ .... lJ11 'jlJ()'U'UlJ1"~'U"::tltl~mMJ 
" ..e. d tlQ,I 1 I 1 d J' .d.': 1'" ~ Ct. d G'Q,I d 11'.i::fltllJ~1tJtl'U'YI'.itJ1YlQ 'U PM2.5 lJ1flfl11 'U PM 10 'Y!v.'U'YI .... 'U!1'U fl"llJtl~ tl'U'YInnYlQlJlJ1" 

" 4 q' 0' d 1 .d ". 
PM2.0 '.imm:: 43 ±13 '.ilJ()'U'UlJm1i1~m'jlJtl'UmmJ""lJ 'U PM2.5 111fl'YI"l~ 'j tl~"~lJ1f1tl PM ,O 1m:: 

, I ," I '" 

1 0 d .::14 d ~ 1'" 4 d I" ... 1 Q,I 

.... lJ 'U TSP Yl1ml~ '\JW::'YI .... 'U'YI .... 'U!l'U flmlJtl~lJfI1 PM2.0 '.imm:: 2.1 ±0.5 fl11lJUu'jH'U'\Jfl~ 

lJ1" tllfllff'j :: tJ:: 1 fl "ijH"~tlflWf) 1 .... tllfl1fflJ 1flfl11~ 'U n11ij ~ ~ 1 flf)1 'j ~ 'j 1 ~ 'j lJ'U YI tl~ () 'U 'U f11'U 1W • 
.. 0 

-eiYl'nd1'Ufl11lJl~lJ~'U '\Jfl~ OCIEC lm::11'j::lJ1W ~hl1~ lJ1W '\Jtl~tl'4fl1f1f11{ lJ fl'U.,j'U l1fffl~ hw 1 i' 
.. 0 0 

m{lJtl'U 1~'U~1i~~lflfll'j 11 rifl tJij'U 'YIl vm{ lJtl'U tl'4fl1f1m{ lJtl'U.,j'U l1fftl~l1ij~ tl ij'U 'YIl tJiYl Q 1 'U 

PM2.S ~lJ()'U'U 1 'U'lh~fl"1~;)'Uij~llJ1flfl11flm~i'U 

.d! .1.,1.1 '" d " " "1 Cao u,,:: fI W:: (2004) fffllJ 1fll'.i I u" tJ'UU u" ~ '\J tl~ tl'U 'YI'.i tJfll'J lJ fl'UU":: 1i 1~ m 'j lJtl'U 'U 
I ., ," 

lJ'.i'.i tJ1fllffl11ntJ1tllJU l1ri~l11n~u":: q~fll" lJ ~ nw ff1lJm~ tJlJ11 1flliti 'Illl'tH" '\J tl~ ~'U hWfffllJ1 

1 I " 1 ~I d tV , " .Q 0' 
'U'lf1~q~11'U1dlm::q~'jtl'U 'Uu 2002 lfllJYl1tltJ1~ PM2.5 11":: PM 10 ~1tJ mini-volume 11fI'J1::11 

~1tJ1n TOR Yl1lJv.nff1'j IMPROVE ~lm~tJ'j1tJi'U'\Jtl~ OC EC PM2.5 1m:: PM ,O ~Yl'j1'il""lJ1'Uq~ 
o .. 

11'U11ij~1~~fl11q~~tl'U ~lm~tJ'\Jtl~iY~d1'U OCIEC 1'U PM2.5 11":: PM ,O ij~l 2.5 ;1M'11~'U11lJl 

~lfllmri~n11ij~ij'U'YIlvm{lJtl'U,f'U~ 2 (SOC) ~~f11'U1W~lS0C 1'U PM2.5 1m:: PM ,O 1~ 4.1 

1m:: 5.6 1lJ lf1'jfli'lJ~fl~fllJ1ffnllJYl'.imlJih~lJ ~1f111lJiYlJ~'Uti (r) '\Jfl~ OC 1m:: EC 1'Uq~11'U11 

lm::q~~fl'Uij~l 0.82 1m:: 0.64 Yl1lJcl1~lJ lJflfll~'\.JlrtJ1~11Ul1ri~n11ij~'\Jtl~tl'4fl1f1f11{lJfl'U111 

~lfllfl t tl~ tJ'U ~ fll'.i ~lU 'U fld1'U '\J tl~fI1{ lJ tl'U tltlfll~'U 8 d1'U I ~ 'U 1Pi1lJ tl fl 1~i~1 'il'Ut~ ~'U 11 

U 11 ri~n11 ij ~ 11" fl'\Jtl~fll {lJfl'U lJ 1'il1flf)1'j tJ" f)tJri tltJ~ 1fllfl t tl~ tJ'U \Pi' 
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Dan lH'1::flW:: (2004) ffflll1"flllW::m'Vi1::~d'UtJ~m{Uf)lJU~::U'I .. nl ,:u111U~'lJ PM2.5 

'UtJ~lljtJ~t1fl~~ 1~tJfffllllfld11J1.,j'1J.,j'lJ'UtJ~ OC U~:: EC 'lJ PM2.5 'lJ1'U~lljtJ~U~::'tflJU'Yl'UtJ~t1fl~~ 

'Vilrhij OC 'lJTC !tJtJ~:: 70 U~::fldl1Jl.,j'mj'lJ'UtJ~ OC u~::EC 'Vilr;hijrh'lJq~'YIlJ1d~~fl'h'lJ 

q~!tJlJ lrltJ'~ ff~ffdlJ'UtJ~ OCIEC ~~l''l~~~ijrh 0,91J1'YI1rh SOC 'ViU11 ijrhsOC'lJ oc !tJtJ 

~:: 50-95 'lJq~!m.J ijfll'HmtJUl'ntJ'lJ OC u~:: EC flU li1'J As Zn K u~:: Pb 'ViU11fll'mn''YI~ 

ci1lJl1lJl~lJll'Y1c;~fhlU~'YI"fl'UtJ~m{UtJlJ 'lJ PM2.5 'lJl'U~lljtJ~'UtJ~t1fl~~ 'lJ'lh~q~'YIlJ1d u~:: 

fll~lfn' 'YI~;dlJd~ fll~ ~~ 1~~ 'YIltJfllnJ~~tJc;tJtJ'illfl h ~~llJ~~rr1'YIm~1J l~lJll'Ylc;~fhlU~'YI"fl 

" 
" 'UtJ~ OC u~:: EC lJ'tfd~q~~tJlJ 

Cao U~::flW:: (2005) fffllllfllJ'Yl~6m{utJlJ (OC) U~::li1'Jm{UtJlJ (EC) ~mdtJ~ilJ,h~ 
." . 
.yjijlJ~Yill~~ ~~U~fllJtJ1tJlJ 2003 f)~fJ1Jm~lJ£ 2004 .yjlljtJ~~tJllJ l~tJl~u~dmh~ PM2.5 U~:: 

PM.o lJfl1lJ~ 3 l~u~dtJd1~'UtJ~U'YIc;~fhIUfl 3 'tfUfl 'lJ'lh~n~lfll~ l~u~dtJd1~Un Vlfllff tltJ fll~ 

lr·n''YI~ci1lJl1lJ fll~tJ~~tJc;tJtJ'illfllfl~tJ~tJlJ" u~::fllm·n''YI~~lh1Jd~ 'ViU11 ~lm~tJ'Ufl~ OC U~:: 

EC'lJ PM2.5 'lJq~'YIlJldij~1~~fl11q~'ui~~d~ ffdlJ'my OC ll~::EC ~::I~tJd.,j'tJ~fllJ'lJmpl1fl 
'UlJ1~I~fl (PM2.5) ~::~U'UtJ~ OC EC ~~tJllJ~::~~fl11'lJlljtJ~'YI~d~'UtJ~ltJl;tJl~lJffdlJ''YIt1i U~:: 

'ViU11 OC EC' lJq~' U ,~~ d~ijfldl1Jff1J~lJ £~fl11'lJ q~'YIlJld tJ~Ti'tJ~::fltJU'UtJ~fl1{UtJlJ' lJ 

PM25 ~~d~'ViU11ij , lJq~' U '~h~1J1flfl11' lJq~'YIlJ 1d ~ll\1 ~tJ'Ufl~ffflffdlJ OCIEC , lJq~'YIlJ1d 
, , " " , . ,.1", " "1 ~ ~~fld1 lJq~ U lJ~d~ m'UtJ~ OCIEC 'ViUd1~::~~'UlJ lJ'tfd~fll~ 'YIfld1mtJlJ fltJfll~I'Vi1Jflnl~l 

" . 
ci1lJl1lJ ffdlJ ~lfllJ'Yl~ 6m{utJlJ';r'W.yjrrtJ~ '~ijt!mhT1~' lJ'lh~ q~'YI 'W 1d U lhm{ utJ'W ~ d1JtJtJfll~'W 

8 ffd'WtltJ OC1 OC2 OC3 OC4 EC1 EC2 EC3 U~:: OP m{UtJ'W~d1J 'ViU''W'tJliYtJnlClIl91~'W!tJtJ , 
'" '" " ,""''', " " . , ~:: 73 tJlrrtJ~19l~H'tJ~:: 23 U~::fll~l~l 'YI1J'tfd1JdmtJtJ~:: 4 lJq~ U md~ ll~:: 'Wq~'YIlJ1d 

Chan ll~::flW:: (2005) ffflll1"flllW::m'Vi1::'UtJ~ lm~~l~''WU'Wd~~ U~::1l'YIc;~n11Ufl'UtJ~ 

PM2.5 PM.o ll~:: fl~lJm{UtJ'W 'lJlljtJ~t1fl~~ 1~tJl~U~dtJd1~ PM2.511~:: PM IO ~~::~Ufld1lJ~~ 8, 

100, 200 U~:: 325 IlJ~~~~~' 'WlljtJ~Il~::'tf1'WlljtJ~'UtJ~t1fl~~ 111fll~11m1::Mfl'W'Yl~ 6m{UtJ'Wll~:: 

li l~m{UtJ'W' 'W~dtJdN~lJ 1l~::'ViU11~1 PM2.5 ij~l~~ln'W lJlm !l'WflWm'VitJlfllff'UtJ~ 
. " Q,I ~ " • I 4:t 0 QJ CLI Q,I ~ 

rr'YI~!tJlmfll ~tJtJ~:: 86 u~::m PM IO lJflm'Yl'Yllfll~~n~dfl'Yl~rr1m::flUfldl1J~~ lfl'W1J1~':i!1'W 

flWm'VitJ1fllfftJ~::lfl'YlrrtJ~'UtJ~~'W 1l~::'ViU11 ~ ::~Ufldl1Jrr ~~ i~ln'W 50 l1Jm 1~'Wrrmd::lrr(itJ':i . ~ 

'ViutJ~1JlWlJ~rr1~rr~fl11~::~ug'W ~~::~U 50-160 11J~':il~lJrrmd:: i~lrr(itl~ ijfll~m::~ltl~d'UtJ~ 
OJ 
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Duan U"~TlW~ (2005) fffll:l1~fll:lW~m'Y'l1~~1'U6-1Tl1{'U6'W1'WIljtHilfl~-11Tlm~'U 

~16Vl-1Tl1{'U6'W1'W PM)O 1'WI~6'WnmJlv'W-'Y'I\)ff~fllV'W 2002 ~lJlnl'YlV1~m11 ilfl~-1 'Y'I'U'h ij 

I cs -3 0 Q.I d. Q.I QI tI Q.I 

Tllm"V'U6-1 OC EC OCIEC 21.27.3 /lg.m Im~ 3.0 ~llJ"lTl'U OC Im~ EC lJTl11lJfflJ'Y'I'Wlifl'Wrj-1 
& ~ ~ 

C)f-1;1,rIM'W11Ul1cl-1tl1liJTl'U6-1'Vi'-1ff6-1'lfiJTllJ1~lflUl1cl-1I~V1n'W Im~'Y'I'U111'W TC ij OC ~6V"~ 76 

& d ' 'I'' • ... .1 ' 'i 'I"'; 
C)f-1 OC U"~ EC ~~lJ6Q l'W PM)O 'HW"~ 15 U"~ 5 ~llJ"lTl'U fll'ju'j~lJlWTll SOC lTlV l'lfTll~l"lTl 

'U6-10CIEC ;i61.5 y'h1,r'Y'l'U11ijri1 SOC 1'W OC ~6V"~ 50 1'W\)~l1'W11 SOC ri-1~·m1,rlnTl CO 

Sasaki u"~Sakamoto (2005) fffll:l16-1rlU'j~fl6'U'U6-1PM)o Im~ PM2.5 1 'WTl11lJrj -1~';l-1n'W 
, ,tI I " 

1'WIlj6-116C)f1fll iY~'W lTltJt~'U~16Vl-1'U'WTl1Tl~1'U6-1~flfiTl11lJrj-1 200 IlJ~'j ~lfl~'W~'W Im~fiVl'W 
, , 

I QI 4d q Q.I '''''.!I cs 
'j~11-11'W'Yl 5-9 ff-1l11TllJ Im~ 2-6li'W11TllJ Tl .ff. 2002 'Y'I'U11Tl11lJl'UlJ'U'W'U6-1H'W"~66-1'YlTl11lJff-1 . ~ . ~ ~ 

200 IlJ~ 'j ij riT'! 6Vfl1 1fi~'W cl 1-1 1 Tl VTl11lJ u~ fl'; N 'j ~ l111-1 r:J'W "~6 6-1 'Vi' -1l1lJTl U" ~~" nlJ'U6-1 • 
~1'W 1'W'lfiJ Tl~~'j 1~lTl i1 611Tl11lJI,rlJ'l~'W 'UtJ-1U~lJlW ~Tl11lJrj -1';l-1n'Wij~fll:lW~I~'W 1 'W \)~~ 6'W 

.cS tI oQ d tI tI d Gi I " ~ Q.I QI aI" 
'UW~ 'Ylli 1fJTl1'j 'U 6 'W 1m ~ tJ 'W 'Yl 'j VTl1 'j 'U tJ'W lJlJlfl1 'W \)~ l1 'W 11 1 'W 'lf1-1\)~ 'j tJ'W Tl 11lJ'lf'W fflJ'Y'I 'Ylli l 'W 

, ," I " " 

u'W 1~-1fi~'Wijri1lJ1flfl11fiTl11lJff -1 200 IlJ~'j ~-1U 'WlJ'W ritJ'W,rl-1 ~~ltI'W 1 u1~fiTl11lJI,rlJ,r'W ff-1fi 
~ ~ 

" I " ." 

'j~~'U'~'W 61~~~lJ1~lflfll'j fiu 1\lfl~Tli'U~1VtJ-1rlU'j ~ fltJ'Ufifl"lmtl'Wu 11 'W~'W "~6tJ-1 ~w l1lJij 

~llJTl11lJ rj -11 'W 'li1-1 \)~ l1 'W 11 ij ff .fll'Y'lTl-1~ 1'U tJ-1 ~ fJ iJ VlJl'Yl V1 ItI'W~" i,r fll 'j ff~ fflJ'U tJ-1 ~'W"~ tJtJ-1 

~ ",.d, 4 tI 0 " " "" tI oQ d d' tI .d QI 'U'W~'W 'YltIflU"tJVtJtJfl~lfllTl'j tJ-1V'W~ 'Yllll1Tl11lJl'UlJ'U'Wli l~Tll'j 'UtJ'W u"~tJ'W 'Yl'j VTll'j 'UtJ'W 'Yl 'j~Tl'U 
~ . 

~ 
.... d' 

'Y'I'WlJTllff-1 
~ 

"'I • 1 "''I " ... • 1 " "" 'I Yuan U"~TlW~ (2005) fffll:l1fll'ju'j~~fl~ l'lffll'jIWfl~1u'j~fltJ'U~'WU'U'UI'lf-1'U1fll'WflU 

U'j~lJ1Wri1fl'W'Yl~VTl1{'UtJ'W~'W~ 2 l'W~tJ-1fl-1 Im~fl"IflflUritJ~1tJVl-1i'TlI~'W ~-1 SOC ItI'Wri1'W 

l1d-11'W OC tJVNijumYlfl'w 'j~~'UU"~'jUU'U'U'UtJ-1 SOC 1witJ-1fl-1 I~lJl~lflfll'jff1'j1~~1tJVl-1 .. ~ 

~ 

PM)O lJ1flfl11 2000 ~1tJVN1'W'j~v~n"1 ~-1U,;iJ 1998-2002 Im~1~u'U'U~1"tJ-1flUIWfl~1 

U'j~fl6'U,;''W U'U'UI~-1'U1fl (PMF) 1'W fll'j 11m 1:: M,r6~"I~tJ~lU 'W flI!l1 cl-1tl1liJ Tl SOC I~\lfl 
, " I " , " , 

U'j~lJ1wri1';tJlJl~lfl~m1lJ'UtJ-1 OC fitJ~1'WI!l1cl-1tl1liJTl;r'Wfi 2 1'li'W i"I~~;r'Wfi 2 I'WI~'j'Yl;r'Wfi 
"" I 

2 Im~ "~tJ6-1fl'W'Yl~v;r'Wfi 2 ri1m~V'j1viJ'UtJ-1 SOC fil~~lfll1i PMF ;itJ 4.25 IlJ lTlmi'lJ';tJ 

'" 'I" d' .d I 'i ..., '" 
~fl'UlffflllJ~'j l'W\)~'jtJ'W U"~\)~l1'W11lJTl1m"V 1.66 u,,~ 7.05 lJ lmmlJ~tJ~fl'UlffflllJ~'j u,,~ 

'Y'I'U11 SOC Im~im~~~'W~ 2 ~lnTl~'W'Y'I~tJlJn'W1'W\)~fll"~U~fl';1-1n'W Im::Tl11lJ~lJ~'W£1'Wu,; 
,,~\)~ ItI'Wil ~ ~V~Tl 1'Uf,llJfll'j ritJ~1 fll'j-W ~ 1'j W l~ltI'W ~VtJlJi' 'U i 'W 10'Yl N'U6-1im~~ u,,~ flU 

...1 " ... ... .. 1:: ""I "''I a .. 
IflTl'U'W'Y'I'jtJlJfl'W'UtJ-1 SOC Im~ C)fmn~ 'Yl-1fll'j6tJflC)f TlC)f l'Wffm'W~fllC)f Im~m~'U1'Wfll'jlflTlllJ'3.l 
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. ~ 

IMPROVE protocol Tl1m~V'\JU~ OCIEC flU 1.0 lJUf) '~'h OC 11"~ EC lJ1~1f)11'\1ri~fl1t'W~;r'lJ~'lJ 

i 'lJ9'lU'lJ f)"1~1'lJ""lJ'hfl 11lJ1,j'lJ,j''lJ ijTll'ff ~ w:h i 'lJ ~n.J'lJ f)" Nfi'lJ l~Uffmn 8 ffl'lJ '\JU~fI1{ lJU'lJ fiu ... 

OCI OC2 OC3 OC4 ECI EC2 EC3 l1"~OP .... lJ11 EC2 11"~ OC2 lJ1~1f)f11'l11,,~l1riuvf11'W·n 
~ 

'mr1~U1 .... i;~~lC)1"1i1'lJmlf) 11"~ OC3 11"~ OC2 ffl'lJi'\1~1J1~1f)f11'l11,,~l1riuV~1f)f11'W-n''\1l! 
~ ~ ~ 

LPG 11"~ tiliJ'lJ1lJ'lJ9f'lJ ~~-U 'lJ i~'\11ffl'lJ '\J U~f11{ lJU'lJ ihl'l1J1Hl i ~~ 111'lJ f)f111lJl19'lf)~ l~'\JU~ 

Guinot l1"~f1W~ (2006) ffm:lllf1Hff~N'\JU~lJnV1f)1ffi'lJll'lJl~~~ijH"~Uf)n 

11 .... ~ m~~lV'\JU~H'lJ"~UU~ i 'lJLiju~iJf)~~ 1~v'Y'i1f11n'l~"u~1'lJ~11"U~ 111~ ~lm~1'lJ~ijlJ"Vil:l ~ • 
~ . . 

~mN 325 llJ9'l'l '\JUlJl'\J9'l'\Ju~i'lJlJ'l'l V1f11ffi 'lJ1iju~'\Ju~iJf)fi~ 1i1'lJ' 119'lllJ'll111lJlJ.yjfl1~' ~i 'lJnm 
... ... 

... d I i CLI .c:s I .1, y& CLI , 

f)"1~f1'lJ lJfI1 80±50 llJ9'l'll1"~ 'lJnmf)m~l'lJlJfI1~~'\J'lJ ~f1~ 3,000 llJ9'l'l '\1"~'ln~nm 10.00 'lJ. 

f)n'\Jtl1V~1 i 'lJll'lJ li~'\Ju~'\J UlJ1'\J9'li'lJlJ'l'l tllf11ff1~1J1,1'lJ i~l~'lJ lJlf)~'lJ ~'l ~~lJfll1lJff~'\JU~~f) .. 
Q ~.l ~ d t d" d.':.Q .Qd 

m1lJ1'l 1"lJ1 .... lJ'\J'lJll"~'Ylff'Yll~ "lJ111 "tI'W Utl1~ 'l 1~1 ~ 1 '\J UlJ" ~ If)fffll'lJ .... 'lJ ~'lJll ff~~lJ"""l:l'Ylm~ ~~ .. 
'" ... 0'... i I" <9 d 1 i"'" I " " fflJ .... 'lJ 1i f)lJf)U f1lJ 'lJ 1f1lJ 'Wll 'W l~ llJ'lflWIl1f1~W'W ~ tI 'lfU9'l ~ 1 ffl'lJ '\J U~f111lJl'\JlJ'\J 'W '\JU~ mpnfl 

... 0' d ,,,. Z.d CLI CLI tlCLI 1 ... 
f)lJlllJ"f1f11'llJU'W 1'\1'W ~ll'1f'Wff:::fflJ'Yl 60 11"::: 90 llJ9'l'l m~~~fflJ""'W1if)lJ ~lJmUlJllJU~ 11"~ 

ffllJ1'lml ~tf)9'l1,1'W '~i '\.J'lh~llJ~lJ1f) l1Bfi1 tl11~lJ~'W i 'Wll 'W l~~m~ ~~1i1'W ~~~ij-UtllJUf)i1~f11'l 
~ . . 

ilu~n'W i' ~ iY~ l~ mYi9'lV~l f)U'W1l1f1 i 'Wnml~1~~""lJi'W.yj1,j'Wi~1J1f).yj tlU~~f) i'W 9'lU'W f)" 1~1'lJ ij • . ~ 

f11~ HfflJ.yji~l ~'lJ'l~'\111~'\JUlJ1'\J9'l'\Ju~i'WlJ~ ~ mf11ff nlJf11'l' '\1 "'\JU~mf11ff~l'lJlJ'lJ 

& Q do' rI tI i . " 
Zhang l1"~f1W~ (2007) fff)l:llU'W'Yl~tlfI1~lJU'W 11"~1i1~fI1'llJU'lJ 'lJ PMJO 11"~'W1'\JUl.J" 

'\JU~n1C)1 S02 CO 11"~ 0 3 1J111~~dJ'lJ"f)l:lW~m""1~'\JU~U'41l1f1f11{lJU'lJi'lJq~'\1'lJll lJ1nwi'lJ 

lijU~iJf)~~ .... lJ11Tlml~tI OC i'lJ'lh~f)m~fi'Wff~f)11f)"1~1'lJi1~ 40% Tl1m~tI'\JU~ EC 'lil~f)m~1'W .. 

. " , 
d' 0 add' ~ I I do CLI CLI tlCLI I 

PMJO lJfI19'l11lJUlJ"lJllHll"~lJfI1~~llJU"lJUU'W fI1'\JU~ OC EC lJfll1lJfflJ .... 'W1if)lJfI1 PM,o CO 

.1i"d I 'o.Q" Q,I " d ~ tI..::sf 
11"~ S02 'If m'\1'Wl1lJ1~1f)11'\1"~f)11'W~f1mtlf)'lJ f)Ul1,,~l1"UtI~lf) mfftl1mU~tI'W9'l~~lJfI1 

OCIEC ~1 l1~OllJ 1 ~ 1f)f)1~ 1H1' '\1l! ci 1'lJ 11 'W Tll OCIEC ~~ ff ~ ~~i1 m i1'W 11'11 ri~ fll1'W ~ '\1" f)'\JU~ .. 
fI1{ lJU'lJ i 'lJ q~'\1'\.Jll~iJf)~~ 
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" 
Cl:;Cll{Jhn.h 4 'lfUfI UCl:;fIl{1H)'l.J~1lJ h.J~:;,.." .. il.:JL~ij'Uf1lJfIl~'t.nr 2002 i).:J lJmlfllJ 2003 • " . 
~ lf1t!'U illlJl~lU 'U mm ri.:JfhLUfI""" f1ifl{J i -M' U 1J1J ~ lClij.:J ~i' 1J UCl:; fl11lJ~Ln{J1t11J{YlJfI CllJ 1Cl 'YIl.:J 

~ ~ . 
" I I I 

Lflii Yf1Jl1 PM2.5 Lm:; PM IO iimllJUflf1~l.:Jt1'Ui'Ul'Jf1~'UYifff11nmh.:Jiit!mYl~ty ~lm~{J 24 i1ilJ.:J . 
, " I I 

ii~l~.:J i 'U~lU ,..,,j.:JYiii f1l~ ~ ~l~~ Lmri.:JfhLU fI,.., "f1'\J ij .:J PM IO i 'U~'UYiYiiif1n ~~l~~ lJl~lf1f1n 

tJClfltJriij{J~lm O{J'U" tm:; f1l~ tHl 1 ""~;1lJ 1Cl ~.:J ~lJ-W'U ti t11J f1l~ ri.:J HCl ~ lmm ri.:JflltU fltJ~ :;lJlW 
" . . 

'JI i ..c!I d I Q,I do 4' 4'" 
')ij{JCl:; 33 'UYf'U'YIij~ijlfW 2 ~fI'YI'YI1f1lH'1f1111 Yf1J11 PM 10 lJl~lmO{J'UfI ~ij{JCl:; 39 tm:; 22 . 
~lmh~1J ~1f1f1l~tHl'''''~;1lJ1Cl ~ij{JCl:; 36 UCl:; 28 ~llJ~l~1J ~1f1~'UYiU~1'UClij{JUCl:;f1n 
• 'JI 
'YIlm""l~ ~ij{JCl:; 10 - 15 

~ "" ".0' 0' 0' i ... 
Schwarz tm:;mu:; (2008) Y1f1l1lij'U'YI~{JfIl~1Jij'U tm:; 1iW.!fIl~1Jij'U 'U PM IO t~~'lfl'UtlJij.:J 

tm:;Vl'Ulpn~ i 'Utjjij.:JtJ~ lf1 6'U'YI~ vm{1Jij'U i 'U'lfl'Utjjij.:JYf1Jl1ii~lm ~{JrJ: .:Jf111Vl'U ~ ') n~ ri1'U 1il~ 
. . " 

m{1Jij'U UCl:; PM 10 i'UV1'U~~n~~.:Jf111'lfl'Utjjij.:J iY.:JYiu~f1~l.:Jt1'Ui'Ul1.:J 2 ~flt~1J~:;",,11.:Jq~f1lCl 

tm:;C1'fl1Yf~~U{JlJl'Y1{Jl ~ij Yf1Jl1~16'U 'YI~ VfIl{ 1J ij'U i 'U q~"" 'U 11~ .:Jf111q~~ ij'U i'U 'lflWUij.:JYf1J 

~flri1'Ui'Uq~""'U11/q~~ij'U ii~1'l.:Jf111Vl'UTpn~ ~:;~1Jfl11lJt,j'lJ,j''U'Uij.:J PM 10 UCl:; OC i'Umf1lff 

ii~'Ufll1UfI"""f1~1f1f1l~""~'Ut1{J'U ~ij.:JlJ1Clmf1lffm U ijQ h tJ~ij'U f1C11.:J ltCl:;lJl~lf1Q h tJ~:; 1'U ijijf1 

t~{J.:Ji~ i'Uq~""'Ull 



. 
"" 1J'YI'YI 3 

" 1'Ylfl"U1('11.Jfl'j'\11~httY ~,ml~ff-:J'U('11 ~-:Jt)~'lJih1m)'\11~''\1tY ~-:J'\11~ff-:J'Um t)~ 

'j~'\111-:J l~lJ('1t)-:J9i~~ 100 t)-:Jf11 01 i1U~l i1-:J1~lJ('1t)-:J9i~~~ 6 t)-:Jf11 17 i1um i1-:J1~lJ('1~9i~~~ 7 ... ... ... 
" , " . 

t)-:Jf1156 i1um1'l1ut) n~lJli 21 'fll'j1-:Jill('11lJVl'j '\1~t)U'j~lJlturt)V('1~ 3.18 'Ut)-:J~lJliii11flt) 

'H1~ httYU('1~t)~l'i 1-:J ~ 100~ -:J1'Yl'YllJ'\11lJ m 'fllm ~lJ 'Yll-:J'j () i'VI 945 ill ('11lJVl':i 'flllJ'Yll-:J'\1 't'l1-:J U~lJ ~lJ 
. " " 

U'j~lJltu 1,125 ilh1lJVl':i ~llJ1lJU'j~'lflm 1ijtl1~t)lJnlJV1VlJ 2551 nl1-:JiYlJ 157,682 fllJ n.u'llJ 

~llJ1lJ 50,052 '\1"-:Jm1~t)lJ (www.hatyaicity.go.th. 2552) u'j~'lf10nhlJ i'\1 tY1tllJfllJ i lJl1't)-:J~lJ 

U('1~ t)'YlV'YllJ1 ~10~-:J'\11~ im\'1~V-:J m;'Yl'\1 "O'Ut)-:JU 'j ~'lf1m ;it) 'YlW'lfVm 'jlJ11('1~ tlVl ff1'\1 m 'jlJ 

Q '" 'Yl f11'11lJ t) 

ilf1Vl~llJt)t)O 

ilf1Vl~llJVlO 

ilf1i~ 

" 

Q • '" 

Vl~Vlt)O'U 

9i~~t)f1'U 

• 

o '" 0 I'll Vl mUl tl1lJt)-:J ff -:J'Um 11('1~m1flt)~~lJ~ 

1'U Vl ii 11fl t)i'Vl fllj U 't'l ~ 1 'UVl ~-:J ii 11fl t)fl 't'l t)-:J '\1 t) V hi-:J ... 

~-:Jt)~' lJ1 'UVl fl'Yl ~ 'Yl't'l 'Ut)-:J('1lJm "llJ1ij t)-:J r t)lJ n ('1lJm "llJvr~ ~llJ U'j ~ ~ TVJ o'lJ ;it) 't'llJm "llJ 
. " . 

Vl~llJt)t)mQv-:J1'\1ut) 1~ lJlPi-:JU~l~ t)lJ~ mfllJ i1-:JO't'lN1~ t)lJlJm1fllJ 1m~'t'llJm "llJVl~llJVlmQ V-:J i~ 1~ lJ 
" ~-:Ju~om-:J1~ tllJ'Yl(l1Jfl1fllJ i1-:J0('1N1~ t)lJ~ mfllJ ~10fl'Yl~ 'Yl('1'Ut)-:J't'llJlJ'j "llJ~ -:Jori 11 ri -:J ~·m i 'I1'nq~f)1('1 

. " . .e. QJ l Q.I Q.I.c:S ~" .c::t. ,., .c:t.e. 

1'j lJVl-:JUVl '11 ('1-:J ~10'l1lJ~ lJ'j fflJVl~ 1lJ t) t) om V-:J1'I1lJ t)U ('11 m f)1f1~ ~1 'j m t)lJ U ('1~ t)1f)1f1~ ~lJ t)tu '\1 fllJ . . ... . " 
~ -:J"l~ i lJ1~t)lJ1lJ1J1VlJ U~ mf)1f1~~ il.i r t)lJ lJlOlT m U t)-:J ~lo~-:Jt)~i O~'Yl~1('1 



22 . .. .. 
~~~u l~lJ~~l1~l~tlUlJtPJlUU ~~ Yltjffimuu ~~111fllH'\JCl1\l~1i~U~f)11~ i U'lf1~CllJ 

m ~lJ~~lutltlm \1u~mi! tlUCl~CllJm ~lJ~~lU ~ m\1u~ i~ u~i U 'lf1~CllJlJ ':i ~lJ~~ lU tltlm \1u~m i! tl 

\l~1i ~u ~f)'ltf) 1J1 f) wh 1 ~ tl ~ \llf)ifl ~lU U 11' 'VI U ri1U CllJ lJ ':i ~lJ ~ ~ lU ~ m ~ u~ i ~ \l ~ tJ m¥i tlm '\J 1 
.. . 

lJ':i ':i 11f1UflnUl11 h1' ~u~mr tlUCl~ ~.:j'l11fl Cl' .:j'\JCl1 i ull 2546 ~U~f)lJ1f)ViCl'f1 i U'lf1~l~tlU ~Cl1f1lJ • • 
...... . 1 ".,; i "" 
lJClClllJm HU~f)UtlU'VI~f1 UlfltlUllJfJ1UU (http://demo.cityvariety.com, 2552) 

r-lCl m ':i ~ ':i 1\llflflWfl1Yl tl1mff\l1f)f)':i lJfl1lJfllJlJClV.fJ 1 fI U':i 1 U~ 1 U fi 1f111lJl ~lJ~U '\J tl~ HU •• • 
I , " , 

Cl~tltl~'\JU1f1 i,jlf)U 10 ilJ 1mllJm (PM ,o) m~U24 i11lJ~ ~~u~ll Yl. ff. 2547-2551 UCl'f1~fi1~1~f1 . .. . 
'l~~f1 fi1m~U':i1Ul~tlUUCl~~lU1Ufli'~Vi~':i1\lYllJfi1lf)UlJ1~':i!lU YllJ ';h (120 ilJ 1mf)i'lJ~tl 

" .,; ~f)1J1ffmlJ~':i) (~1':i1~'VI f)-I fllfir-lU1f) f)) 

. 
q "'.1 'tun: f1f1UuCl~\11f) www.thai2travel.com 

d Q.I I ! , Q.I .d & 

lf1lJ~ltlU1~~.:jU~11Cl1 21.00 U.1U'VI 17 llU11f1lJ Yl.ff. 2550 f1.:j11Cl1 21.00 U. .. .. 
lUVi 20 llU11f1lJ Yl.ff. 2550 l-WtliMfftlflfl~tl.:jnlJm':ifff)fJ1~tllJCl'V11~tl~iJUlJ1'V1U1iUlJU iUl1Cl1 .. . . 

a d Q.I • ~ Q.I .Q ~ a d..::tl 
m ':i lCltl f)~f1lf)lJ~ 1tlUH Yl \11 'JW l~llJ Cl f)fJ W~ '\J tl~ tl'VI1i .... Cl '\J tl~ llJtl.:j'VIlJ~tl 

.. . 
fl11lJl ~ 1CllJ UCl~ tlW '11 fllJ i UU~ Cl~iu fI11lJ Cl'.:j Vi1ifl11lJU~f)~1~ nu mlJ 'J ~ ~lJfl11lJCl' ~ UCl~'\JU 1f1 

4 IV 'V cu 
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. 
(fllYfYi 3.2) 

" .. . 
1) -H'UriH ~fl~l~vtl -H'Ul110 'Ufl~h~unJi'Ul·H <mH~'U'Yl1'Jl Clfl'U1il 

" " l11~hH;U ff~'illm~~1J'\.hm:m 40 llJ\Pl'J (ff~'illf)Vf'U~'U 30 IlJ\Pl'J) 
u ~ V 

" " . .... <!I _~... '" i '" 0' ~ 0' 1 I 

2) 'If'Umn~ flfl ~l~'Yn 'll''U'YI 14 'Ufl~ HU'JlJ"f11'Jl~'U'YI111~ l1W ff~'illf) u v 

" " Q,I 0 a Q 

'J~~1J'Ul'YI~m 70 llJ\Pl'J (~~'illf)'Vi'U~'U 60 llJ\Pl'J) 

" " . 
3) -H'U1J'U ~fl\Pll~vtl -H'Ul136 'Ufl~h~mlJ~f11{l~'Uli' 111~111tY ~~'illf) 

" " QI 0 4 Q 

'J~~1J'Ul'YI~m 135 llJ\Pl'J (~~'illf)'Vi'U~'U 125 llJ\Pl'J) 

... 
'YI).I1 : www.googleearth.com 

... 
3.1.2 1'Ug)11'V1'YI1 fll-3l'Y1ft).l't11Ufl1 

.... .. : : : . : ... .. : ... . 
••• · :: • • 11 •• •• 

• • II : • iii ..... . iii I.< : : : ........ . . · . ,. ......... . · .......... . . · ........... . · ........... . · ........... . · ........... . 

ifll1~ ~~i'ifllll'Ulmri~f11'Jfl'l f11'J1J1f)1'J U"~Ul1ri~~fl~mffVl1'U1Ull'U1J1f) ril'UI'UIPl'Jl'lH'YI1 i~fl~ 
" . 

1J1ntlJ(l~~'il~ 13.45 fl~f'!'l!l1i1fl m)~~'il1Pl 100.32 fl~f'!'llPl~i'Uflflf) ijVf'Ul17.126 IPll'Jl~illmlJlPl'J 
v .. 

~l'Ul'Utb~'lflm 97,747 fl'U ('Vi.f'!'. 2550) fll1lJl1'U1Ull'U'Ufl~lh~'lflm 13,717 fI'U~U\Pl1'Jl~ 
" . 

ill mlJlPl'J ~~ ud'Yll~l1f'!'\Pl~i'U 1Plf)'Ufl~ r:I~'Vi 'J ~ 'U m 
v 
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,__ ~'/} PHAYATHAI " 

,'A I / 1 
. ~ '-, Jj " 
! "" " ", /' ;"l ; . ~-" ... \ . / 

•• : ~.~ .... :§ 

,.,. -',- DIN DAENG 

J, I, 
.. ! ~"' 1 

. . ... ... ... 
fll'Vt'YI 3.3 U~'Ul'lL'Um1'lf1'Yl1 flHLl'l'VllJ111'UfI'i • . 
... "'.1 
'YI1I1: flfIUlJCl 'Hllfl www.bma.go.th 

81W11'Ug) 

nfffl~i'UvVfl ~fI~vn~ 

nffi~ ~fI~vn~ 

L 'UfI'Vlty1 1 l'lUCl~ L'UfI~ 'U UfI.:J ii fI Cl V.:Jff1lJL ff'U LlI'U L ff''U U ,j.:JL'UfI 

L'Ufll1'1t1'U11.:J ii(l'U'Ui''lffl1filllfl (v 1fffl-~'UUfI.:J) LlI'ULff''UU,j.:JI'UfI 

L'Uflilllll'U 1L m~L 'UfltJl'llJi'U ii fI Cl V.:JU ff'U U ff~UCl~fI Cl V.:JlJ 111'U 1fl • 
LlI'UL~'U U,j.:JL'UfI 

L'Uflfl'~fI iil'lH'ifl 1-Wff1tILl1'UVLlI'ULff''UU,j.:JL'UfI 

.. 
.fJ1I81flHl 

" " 
flt .:J1'YI'VllJ111'Um u'UiifJiJmfllffu~~rV'UtM'U hH.m~mtl i~vl'li'VlCl'U V.:JCllJlJ'i ~lJ 2 'lfUfI 

" 1~uri CllJm~lJfI~i'UvVflL~tI.:JLl1i1V UCl~CllJm~lJfI~i'UvVflL~tHi~ ~Wl1fJiJl1.:J 3 q~~~Uflfl~l.:J 

n'U u~ri1m~tI~lflflnifi W ffmijm1~mfllff flHLl'l'VllJ111'Um i12545 ~~vci~ 29.2 V.:Jff1 . ~ . . " 
LC)fClL;tlff 1f1t1ri1m~tI~.:J~fI~V 38 V.:Jff1LC)fClL;tlff UCl~~l~flL'Yhn~ 19.2 V.:Jff1LC)fCl!;tlff fl11lJtM'U 

. " 
fflJi'UlI'Uv.:Jflt.:JL 1'l'VllJ111'Um ~~iiri1~ .:JLnv~flClvfliI Li1V.:J~lflflt .:J1'YI'VllJ111'U flHi.:Jv~ifl~tJ11 1 l'ltl 

..k"'1 : Q.I "Cl ~ .ck QI d , Q.I ~ IV Q.I fI' 
C)f.:JlJ V'U1'VlflL'U1fl.:JfflJlLfflJV C)f.:J~lflfln1f1 W 11 'Vl .ff . 2545 L'lf'Ufl'U fl11lJ'lf'UfflJ'Vl'Uli'UV.:J . . 

.e:t. I ..:::t" Q.I"::::' Q.I ~ .e:t. 
flHLl'l'VllJ111'Um~~lJfl1L'iWtl'iVtlCl~ 73 l'lff'U1fftl'UV.:JflH1'YI'VllJ111'UmLlJVnCll 07.00 'U . ~~lJ • • . . " 
riml~tlvg'i~WjN 4.6-8 .0 nhLlJfI'itJ~lJlW~'U rilL'il~tltJ~lJlw'\.ll~'U w ffmijfl'i1~mfllff 

flt.:JLl'l'VllJ111'UfI'i W iI 'Vl .ff. 2545 ~V 1 ,878.3 iJCl~LlJm Lm~iiri1L'il~tI~1'U1'Ui'U~~'U\9lflilCl~ 146 i'U 
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• 1"'-1 'i JdQ 1 _Of OJ 
~H'Ifll~tf111\1fll~ '1hJ~:: trJ'lfU't1V1U U'U\I~'lJU (Existing Land Use) 

" ." .k <'I 

f)~ .:JL'VlYllJ'I11'W m 1 'WiJ~ ~u'WiHhJ'Yh1.:J'I1lJ~ 1,568. 7 ~n l.:JflhllJm 9f.:J~1f)f)l'H1f)fl1 
. " . 

fllYlci1tJ'Vl1.:J mf)lf1l~ U~'j 1~"H)U~'W l1f111lJl~'Wlih).:J (Urbanized Area) 'UU.:Jf)HL'VlYllJ'I11'Wm . 
'1" .. ':,d ~ a a.k.J':,d 

YlU 11 'W iJ Yl. f1. 2545 f) H I 'VlYllJ'I11'W m lJYl 'W 'Vl fl11lJ! U 'W IlJ unh:: lJ1 UHf) UU fI H '11 'W.:J'U U.:JYl 'W 'Vl • 
i.:J'I1lJ~ f)ri11~U 'l.h::lJ1W 700 ~n1.:Jfll(1llJ~'j Im::lrlui~rl1n~f)l'jli'th:: ltJ'lftJ~~'W (Existing 

, " " 
Land use) tJ'j1f)!r:hf)~ .:JL'VlYllJ'I1l'WfI'jljf)l'j l~lh:: ltJ'lftJl1~'W 3 tJ'j::lfI'Vl 1 'W ~1'W1'W~'Wl1l11f)~I~tJ.:J 

JI ,,, I I 

n'W ~UtJ~lJ1W 23% 'Uu.:J~'Wl1n.:J'I1lJ~ i~Url 1~'Wf)l'jl~tJ'j:: ltJ'lftJl1~'WI~Uf)l'jmjmfftJ ~1'W1'W ... 

366.385 ~n1.:JflhllJm ('I1~UrUtJ,,:: 23.36) f)nl~~~'WI~Uf)nlf)fl~'jf)'j'jlJ 369.837 ~l'jH 

flhllJ~'j (rUtJ,,:: 23.58) Im::I~'Wf)l'jl~tJ'j::lfI'Vl~'.h.:J 378.974 ~n1.:JfllmlJ~'j ('I1~UrUtJ(1:: 24) 

" . . 
'W U mJ 'W ~::I ~ 'W f) n 1 ~tJ 'j:: ltJ'lftJ l1~ 'W tJ'j:: IfI'Vl~ H "l 1'lf'W I ~ U f)l 'j Yl1 til 'lftJf)'j 'j lJ ~~ ""1 '11 f)'j 'j lJ 

,d 
""tll'W'Vl'j1'lff)l'j "1""1 (www.bma.go.th. 2551) 

~m f)l'j ~'j 1~ l~fI Wfl1Yl m f)lf1~ 1 f)f)'j lJfl1UfllJlJ (1Vifl 1 ~ tJ'j 1tJ.:J 1'W Ti 1f111lJ I ~lJ ~'W 'U U.:J ~'W .. . . . " 
(1::UU.:J'U'W1~ il.ilfl'W 10 ilJ lmllJ~'j (PM IO) m~tJ24 i'11lJ.:J I'i'.:JU~tJ Yl .f1. 2547-2551 U""~.:JTi1 
, , " , 
~1"l~ ~.:J "l~ Ti 1m ~tJ'j 1tJ!~U'WI1(1:: ~1'W 1'W fli' .:Jl1~ n~YluTi 11fl'W lJ1~ 'j i1'W (I20 ilJ 1 m f)i'lJ~U 

0' ,d 
~f)1Jlf1mlJ~'j) (~l'j1.:J'Vl f)-2 fllflH'W1f) f) 

d Q..o' t :: , Q..o' d Q,I rI d 

If)U~1UtJ1.:J~.:JI1~!1m 21.00 'W. 1'W'Vl 18 ~lJfllYl'Wli Yl.f1. 2551 o.:J!1m 21.00 'W. 
.. " 

1'Wl121 f)lJfll~'W£ Yl . f1 . 2551 l~ul,r""U~fI~U.:JnUf)nfff)fl1~UlJ"'Vl1.:JU~iJtJlJl'VltJ1i''WU'W 1'W 
III cu II III 

4 d Q,I 'Q Q,I Q Q .4 dd' d 
f)l'j mUf)~~If)U~1UtJ1.:J Yl ~1'j W 1~ llJ (1 f)fl W:: 'UU.:J U'VlliYl "'U U.:JIlJU.:J'VllJ~Ufl11lJl 'j 1 • 

" . 
"lJ 11":: ~ W '11 fJiJ 1 'W11~ (1 ::i''Wfl11lJ~.:J l1ljfl11lJl1~ f)~ l.:Jn'W ~1lJ'j ::flUfl11lJ~.:J Im::'U'W 1~'UU.:Jfl11lJ 

1~'Wdjij.:Jl'Wu~,,::~'W~~ri.:JH,,~uu~iJtJlJl'VltJ1 ~.:J~'W~if~::U1hl~'W 3 'j::flui'W~u (fllYl~ 3.4) •• 

" " . 
I) i''Wri1.:J ~u~l~vhi''Wl1 10 'UU.:J 1 HU'jlJlu'I1tJf)""'Vl (lu'I1tJf) 1) "".:J~1f) .. .. 

" " . 
2) i''Wf)(11.:J ~um~.yh i''Wl146 'Uij.:J lHU'JlJlu'I1tJf)""'Vl (lu'I1tJf) I) "".:J~1f) .. .. 

" " Q.I 0 .4 Q 

'j::~U'W1'Vl::m 160 IlJm (~.:J~lf)Yl'W~'W 158 IlJm) 

" " . 
3) i''WU'W ~ij~l~.yhi''Wl1 88 'Uij.:J lHI1'jlJlu'I1tJf)""f)ltJ (lu'I1tJf) 2) "".:J~1f) .. 



26 

... 
't11Jl: www.googleearth.com 

,. . 
~,:n'li~l;tJ~hnj~'H.l~m ,rV1ffmijfl'\Jfl~tJ:i::ll'lffiYHJ l~'Ut~n 16 fl~fflmijfl ~~ 

,. ,. . 
~l1m::~'lJ'\.hYl::1C1tJ:i::lJ1W 1,027 ~1l (310 11l1l:i) ,.-h~~lf)f)l~ll'l~ll'Hl'Um 720 n1C11111l:i ij~'Un 

,. . 
• 1 ""1 ..... 1 if 0 ?t .... "'.'1 i"" lJ:i::lJ1W 20,107.057 m:il~f) C11111l:i 'H:ifllJ:i::lJ1W 12,566,910 :i ~l11'Umu'U ~'U'YllJl ll:ifltJC1:: 

" , " I , 

69.92 (8,787,656 i~) ~'Unyhf)n 1f11l1l:i ~ fltJC1:: 12.82 (1,611 ,971 i~) ~'Unfl~mfftJ llC1::U'U'l 
,. ,. . 

rfltJC1:: 17.26 (2,167,971 i~) ijtJ:i::'lflm:i111Y]~iY'U 1,686,209 fl'U fl1111'H'Ul1111'Um~tJ 84 fl'U/ 

1l1:il~n1 C11111l:i 

~~n'lJ i'!~l'U'\Jfl~ff'Hm~mh 

~~n'lJ ihlflflffl111~1 ~~'Hi~1l1f) 
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. 
Q ".1 
'YI1Jl: ~~U1J"~'illf) www.thaiwaysmagazine.com\ 

" , " , 
ih"fll'VHllf)lfffltl'U'1i'l~lV'Ulfitl1JIPl"tJ~"'~iJ ih~w 'I1lJih\l ~V"'~iJ 25 °c ~W 'I1lJiJ~ ~rr~m~v 

31°C ~W'l1lJiJ~lrr~m~v 20°C U"~tlQfIlvi~u'Yln'W"lJ'JrrlJ 2 'lfU~ ;;tl"lJlJ'JrrlJlPl~1'U1Plf11~v~i~ 
U~~~lJlJ'JrrlJlPl~1'UtJtlf11~V~1'I1i1tJ U-U~lJiJtJ1f)lfftJtJf) i~l~'U 3 q~ i~11fi 

. " 
q~H'U l~lJ~~u1i f)m~l~tJ'U'Wq1JfIlfllJ 'il'U ~~l~tJmlmfllJ 

. " 
q~'I1'U 111~lJ~~U1il~tJ'U'Wqff~f)lV'U i t1'il'U~~f)m~l~tJ'UfPJfIl~'U1r 

H~ f)l 'j IPl 'j 1'il11Plfl WfIl'W tJ If)lff'ill f)m lJfl11JfllJlJ~Vi1J 1 ~ V'j lV~ l'Ufl lfl11lJ 1 '1i' lJ'1i''U '\J tl~ H'U •• • . . " 
"~tJtJ~'\J'Ul~hhn'U 10 ilJ1mllJlPl'j (PM,o) m~v 24 i'11lJ~ ~~u1iiJ 'W .ff . 2547-2551 m"~~fll 

t • " , 

~hrr~ ~~rr~ fllm~v'jlV1~tl'UU"~~1'U1'Ufli'~lim1'il'W1Jfll1n'UlJllPl'j!1'U (120 ilJ 1mf)i'lJ1itl 

, .do d cv' d Q,J I 

3.l.3 .2 'lf1~l1m'Yl'Y11f)l'jlf)1J1Pl1tJtJl~ U~~ ~~1f11J1Pl1tJV1~ 

d Q,I • ~ 1 Q.I d Q,I d' .-=t 
1f11J1Pl1tlVl~IPl~UlPll1m 2l.00 'U .1'U'Yl 25 f)lJfIl'W'U 1i 'W.ff. 2551 ()~l1m 2l.00'U . • 

• 0 " 

1'U li 28 f)lJfIl~'U,)' 'W . ff . 2551 l~ tJ i 11' ~tJ~m)' tJ~n1J f)l'j ftf)1J l'1i'tllJ"'Yll~ tllPlU VlJ l'YlVli''U 1J'U 1 'U 
• <u q • 

11m 0l.00 'U . ~~1~lJ'Yilf)l'jln1J~1mh~i'U'lf1~l1m 2l.00 'U . 
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~ d aI ,~ QI ~ .q .:!Ii dd' 

fl1 'mHlf)~ 1I1f)tJ1I1tJ(J H 'Yi ~ lHU 11l1lJ ~ f)1l W~ 'IH.l'Hl'YIli 'Yi"'UV.:JllJ V.:J'YIlJ 11 V 

" . 
fI11lJl~ ':mlJ II~~ ~ W '11 fJlJ i 'U1I1i ~::i''U fI11lJ~.:J-ri iif111lJII1If)1i 1.:Ji)'t.J 1I1lJ ,)~fl tJTl11lJ~.:J Im::'U'Ulll'UV.:J 

~ ... i I .r d.d I I Q.q ~.: dd' I ~ Q,I ~ .:!I d 
fI11lJltJ'UllJV.:J 'U1I1I"~'Yi'U'YI'YIff.:Jr-.I~lIVVlI'UtJlJ1'Y1tJl C)f.:J'Yi'U'YI'U~~lItJ.:JI1J'U 3 ,)~lItJ'lf'UTlV (fll'Yi'YI 3.6) •• 

" " . 
1) i''U~1.:J flUlIlll~l i''U-ri 5 'Uv.:J1HII,)lJlcM'U'YI1,)11l1.:J1I~1'U ff.:J~lf) .. 

" " . 
2) i''Uf)m.:J flV ~l~~l i''U-ri 14 'UV.:J1NII,)lJUlJfh~tJ"lIlill.:J ~.:J~lf) 

" " QI 0 ~ ~ 

,)~~tJ'Ul'YI~m 365 IlJm (~.:J~1f)'Yi'U~'U 52 IlJlI,)) 

" " . 
3) i''UtJ'U flV~l~~l i''U-ri 26 'UV.:J lHII,)lJlcM'U'YI1,)11l1.:J1I~1'U ~.:J~lf) 

" " Q,I 0 .4 Q 

,)::~tJ'Ul'YI~m 435 IlJlI,) (~.:J~1f)'Yi'U~'U 152 IlJlI,)) 

. . " 
fIl't'tn 3.6 IIr-.1'U-rifl.:J~1IInmI1uuHijllflV1ijU.:J ~,!j'l111l1;tJ.:J i'l1li 

.d 
rltJl: www.googleearth.com 

'" 4 3.2.1 fl1''Hg}~[JtJfl1'Hm1l1 

. . " 
ntJnlJ,j'VlJ~-rilntJ1,j'V,!jtitJfl1,) l~tJ'Vi'.:J i 'U '1.15 ::1'Y1fl'1I ~~1iH'l.h~1 'YIfl' 1'li'U H'U "~VV,!j 

~ . 

o Q "IV' 3.2.2 fl1~VllIUUfl1~ltltJg}10[JH 

ll1tJ~::~hliJ'Uf)nlntJ~1tlUl.:J i'U 2 d1'UflU f)l,)lntJ~1tlUl,!j,j'tllJ~'YIl,!jtllliJtJlJl'Y1tJllm:: .. . . 
" f)nlntJ~1VU1,!jH'U~::tl0,!j,)1lJ 1I~::H'U~~tltl,!j'UlJlll ililf)'U 10 ilJ 1 Tl,)llJm ii,)lfm:afltJlIfl,!jij . . 
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.c9,.. ~ ~ 

3.2.2.1 f11'jfl'nlll"mHl'Yll~~lllWlJ1'YWl .. . . 

Yilf11'j~~~~lfl~~~ij~i~fffl1VWlliJtllJ1'Y1t11 ~~ Weather station ~l1'~ Davis •• 
~'U Vantage Pro2 ~'il~1l'j1'ili~i~ 3 'j::~'lJfl11lJff~ ~~ltl'U'lJ~l1Wl~tl1n'lJ"~~~~~lfl~~~ij~ 
~ q IV l 

~ . ~ 

lln'ili~~'U ,,::~~~ , 'Uu~"d~'Uliffmn i~tI'il::lln'ili~~w 11 tJii fl11lJ~'U fflJ-W'Y11l fl11lJ~'U 

~ 

2) f)1'jffmn.,j'~l.!"'Yll~~~iJtllJ1'Y1t11~'U'lJ'U 

~ . 
Yilf11nJri~tI'lJ~"~'U'illnf)'jlJ~~iJtllJ1'Y1t11 U'lJ'lJ Radiosonde 1~ii',*~n iiJ~li 

ij"'Ul~ 1,000 ni'lJ ~n~~n'lJlfl~~~ri~1'Y1~"'Ul~1~n tJri~tI~'UitJ 1'Y1~'il::ffllJ1'jmltl~1'U 
ri1'U tJ'j:: n~'lJ'Yll~~lliJ tllJ1'Y1t11~1~ C"I lJ1iJ~lfl~ ~~ i' 'lJ1'Y1"~~~~~~mj'lJ'Ulf'U ~'U H"~ i ~i' 'lJ'j ltl~l'U 

q q I q 1\1 

~ ~ 

'il::U ff~~fh,,~~ ~W 11 tJii fl11lJ~'U fflJ-W'Y1£ fl11lJn~fl1f11fl" 'U U~"::~'U "~~fl1f11fl' U,,::ffllJ1'j f:l 

fll'U 1W 111'Y1fl''Yll~U''::fl11lJl~ 1"lJ' 'U'j::~'lJi'U'lJ'U i~ i~tlYiln1'j m 1'ili~ , 'Ulf'U~ffmn~~if 
~ . 

(1) ~'Uliffmml11fl~111~'mU ~~l,1i~ff~""l Yiln1'jtJri~tI'lJ~""'U W ffmii 
u .. . ~. 

~~iJtllJ1'Y1t11 tJ'j::~ltl11fl~111~ 'my l'Jn 6 ~1 ilJ~ ltl'Ul1Cl1 3 i'U ,}~u~i'Uli 17-20 ll'U11fllJ Vtfl'. 2550 
~ . 

(2) ~'Uliffm,I1~~l1i~nHl'Y1'VilJ111'Um Yiln1'jtJri~tI'lJ~""'U W f)'jlJ . .. . ~. 

~~iJtllJ1'Y1t11 'lJl~'Ull'Jn 4 ~1 ilJ~ ltl'Ul1"l 3 i'U ,}~u~i'Uli 18-21 fJlJ fl1-W'U £ 'Vi.fl'. 2551 
~ . 

(3) ~'Uli ffmm3 11flfllij ~~ ~ ~l1i~l;tI~ i mj Yi ln1'jtJri ~tI'lJ~"" 'U W ffmii .. . ~, 

~~iJtllJ1'Y1t11 tJ'j::~l~~l1i~l;tI~imj l'Jn 6 <M1 ilJ~ ltl'Ul1Cl1 3 i'U ,}~u~i'Uli 25-28 fJlJfl1-W'U£ 'Vi.fl'. 2551 
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.dI .... 

3) fll'Jfl'f)1Jl':i::~Ufi11lJrJ~~fflJ (Mixing height) 

'I 1f) fll'J 'Vl1fll'J m 1'11~~1t1fll'J' ~i'Y1"~f)~~ hJnuUfHH'l'U (Radiosounde) t~ fl'Vl1fll'J 1I'J 1'11~111 
~~ ~ 

, ~ til I C. ~ QJ QI tI a d c. Q,I 

fil'.'n'J1lJt~fl'Jm~~ t'lf'U ~Wl11JlJ fi11lJ~'UfflJ~'YI1i l1'Jfl fi11lJt'J1U~::'YIfl''YIl~~lJ ~1lJ'j::~Ufi11lJ 
, I ,., , 

ff ~Yiullf)1i 1~ n'U U~:: fllfftll1 ~ f)fll'J Yi'hrl1'U fl~,j'fllJ ~1i1~4"l tmhw 'I::mh ~f)f7'U nu rl 1'U fl~ fi 11lJff ~Yi 
IV cu I cu 

~.l 0" 40VQJ " d Q,lQ,I" 

t~lJ'U'U lJ1f1l'U1W111tff'U dry adiabatic lapse rate L~fl'U1tff'U~~f)m1 tJ~~flll111~~1I~f)Ulff'U'Ufl~ . . " 
,j'mJ ~ Yi, ~ '11 f)f) 1 'J ~ 'J 1'11~ 'I ~ ~ '11 f)U fl ~ ~'U i ~tI 'I:: (l fl 'hu ~ t 1W Yit ff''U i ~ fffl~~~ n'U fi flrl n:: ~ U . . 

c..c::s ..:::10 ,"4 0 0" , , I,.. 
fi11lJrJ~~fflJ11ifll'J'Yl'U1lJ1 ~t~fl'YI1fll'JfIl'U1W111tff'U dry adiabatic lapse rate ff1'U myu~1'1:: 

.ci QI d do" .::. c:r. ':.Q .: ~.d. 
tI~ 1I1lJ 11 ~ f) f)l 'J 'U fl ~ Holzworth C)f ~ 'I:: lJ f)l 'J 'U 1tfl1'U fl \! ~ ~ ~'U tI lJ 1'YW 1~ 'U ~1 'U tl ~""'U 'YI 'YI 

. "tI ,., 

'Vl1f)l':ifff)1J1t,j'llJ1~~Thir.iw ~1t1 ~~11'U in fll'Jij,j'mm' m11'U 'U fl~flllijtllJi'Y1t11~'U r:h ;~rlfl'U ,r1~ 
~ .. 

" ,,, " " 
ii H~ 1i fl rln:: ~ Ufi 111.1 rJ ~ HfflJ' 'U ~'U Yil1 'U~ tiJ'U tl dHlJl f) ff111 f U f)n fff)1J li~ tI' 'U fi f ~ij f)n 

. " 
f11'U1Wl1lrl1'J::~Ufi11lJrJ~HfflJ i~tlin Dry adiabatic ~ltiJ'UYi'l::~tl~' ~,rfl\!~~~ijtllJi'Yltl1i'Uu'U 

" " . 
u ~::,r fl \! ~ ~ ~ ij tI lJ 1 'Yl tI 1 ~ 'U H 1 'U fl ~ ~ 'U Yi ff f) 1J llJ 1 , ~, 'U f) 1 'J f11 'U 1 W 111 rl 1 'J :: ~ U fi 11lJ rJ ~ H ff lJ 

tJ'J::f)flU~1t1 tlWl1f1lJ U~::fi11lJff~ ryhJ'U~'I::\hlJl',* i~tI~'I::,~,rtllJ~tlWl1f1lJ U~::fi11lJff~ 
q IV cu IV q IV " 

" . 
'11 f),r tl \!~ ~~ij tllJ i'Yl til i'U U'U' ~t iJ 'U ~1U 'Yl 'U 'Ufl~ t ff''U Yill 'J 1 'Il~ , ~ 'I ~ ~ ff1'U ,rfl\!~~~ ij tllJ i'Yl til 

~'UH1'1::',*rYitl~rl1~Wl11JlJ~1"l~''Ufll'Jf11'U1W111tff''U dry adiabatic lapse rate t~m~h'tJW~tl~111 
~~~~1itl 'tJ 

,,~ .d :'~4 a ""00 
nm'Ylfl~\l'U lJlU1f) 5 fl~fl'ltC)f~tC)ftlff 'Yl~'Ut""fl~~t~m'Jtl~'Utl~tfll::fi11lJ'Jtl'U U~1'U1lJlfll'U1W111 

rl1'J::~Ufi11lJrJ ~HfflJ ~~fflJfll'JYi 3.1 ff1'Url1~Wl1 tJlJ~l"l~' 'U'lf1~nm~'U 'I::' ,*fll'Jf11'U 1W~~ 
d 

fflJfll'J'Yl 3.2 

i~tI 

Temp 

Temp 

Temp 

5 

Tmin 

HI 

H2 

(Tmin+5) - (O.OO98*(H2-H1)) (3.1) 

Tmin - (O.OO98*(H2-H1)) (3.2) 

rl1~W l11JlJ iim.hmiJ'U tl~fl'11C)f'H9ftlff 

rl1tlW 11 fllJ~l ~~~t~mfll:: fi 11lJ~ fl'U iiml1miJ 'U fl~fl'11 C)f~l9ftlff • ~ 

rl 1flW 11 fI lJ~ 1ff~ iil1,j 1miJ'U fl~fl'11 C)f~t 9ftlff • ~ • 
fi11lJff~~'J::~U~ I iil1,j1miJ'UtlJm .. 
fi11lJff~~'J::~U~ 2 iil1,j1miJ'UllJlI'J 

~ 



" 

0.0098 = ~l~W'l1tJiJ~nJ~m,Jllu,,':)'UU':) dry adiabatic lapse rate 1iu 1 

IlJ fl 'j ii 'I1111t11 ~'U U.:)ffll9fm ~tlff1iUllJfl 'j 

d .,j a _I ~ 
3.2.2.2.1 f11'j Ifl'jtllJlmU':)lJUlm~~umW 
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sampler) ";,:)~'U"~UU.:)'j1lJll"~~'U"~UU':)'U'U1~ 'l,hn'U 10 ilJ 1 mllJfl'j 1~tlfl1'l1'U~'lf1':)'UU':)Ufl'j1 

fln i '11 "'UU':)f11'j In U 9i1 mil.:) ~'U"~ UU':)'j llJ 50 '.1 flU 1ffnlifl 1i U'U l'ri Im~'lf1':)Ufl 'j 1fln' '11 "'UU':)f11'j 

Inu9i1mh':)~'U"~UU':)'U'U1~ 'l,hn'U 10 ilJ lmllJfl'jU~~ 40 '.1flUlffnlifl1iU'U1n 

~ " 
2) m~fl1'l:lmU':)fl1U'YI9f (Quartz fiber filter) 'U'U1fl 8 x 10 ih lfltll~l 

m~~1'l:lmU':)fl1U'YI"* ~UW'I1fiiJ 700 U':)ffll9f"I~tlff m.i1.:)ti'Uti 1 i11lJ':) riu'Ulhiuuui'U~~~ 
~ ~ ~~ 

JI, JI I JI " 

fl11lJ~'U 24 i11lJ':) ~lflir'UinJ1'l1irfl ~lt11fl~U.:)i':)fl11lJ"~I~tI~ 'YIffijtllJ 4 ~lll'l111':)lnui'fl'l:ll 

m~fl1'l:lmu.:) lfltlf11'jlitl~1t1m~fl1'l:lU'.1iJd1t1lJ U'j'j~ i'UQ.:) .... mff~flciu ~~flQmm~'4'11lJ1tlm'U 

d d _I a"_1 
3) fllJflUu1flllU'U lfl"UUfl1t11'Y1u"U'U (Forceps) 

4) Q.:)iju i1ij" 'lfijfl ~hjiillil.:) (Vinyl non powdered gloves) 

5) llH'U-U'UYiflUfl'j1flni'l1" (Flow recorder chart) 
" . 

6) f11'jl~tlfl~~~~9i':)lfl~U':)lnu9i1uV1':) i'Ui'ffii 270 U.:)ff1 'jUU'lfU':)'YI1':) 

l'ti'lmf11ff ~ u.:) h.i iiu~ i 'j nfl'U 11,:) f11'j i'l1"'UU':)U1f11ff 'lfU':) 'YI1':)1 'ti'l'UU.:)mf11ff'U U':)l flt U':)lnu9i1uV1':) 

fl1'jU~li1':)~lfl~.:)n~'U11':) 1'lf'Umfll'j UV1.:)ti'Uti 2 I'Yh'UU':)fl11lJ~.:)'Uu.:)~.:)nfl'U11.:)~1~cil'l1iiu'lfu':) 
" ~ ~ ~ ~ d ~ t Ii" 'i & ~ 4 i" 

'YIH1'U1mf11ff'U'U flflfl':)lmU':)lflUfl1UtlH~'U"~UU':) 'I1U~ 'Ull'U1'j~'U1U lm~tlfl'U1fl':)lmU,:) '11 

ull'U l~uilu.:)fi'U il.ii..rlfltU':)~lJ 

7) fln ui' Ul ntiUlfl t U':)lnu9i 1mil.:) 1~'U f11'jfl'j 1 ~ffUUfl11lJ()fl~U':) .. 
'UU':)fl1'j1':)llfffl,:)Ufl'j1f11'ji'l1,,'Uu.:)mf11ff~~':)'UU,:) VFC (Look up table) ~H1'Ufll'ji'U'jU':)~lfl~~~fl 

fiUffm'Um .... 'UU.:) Critical venture ~i~i 'UflUfl1UfllJUfl'j1flU 1 'I1"'UU':)U1f11ffi 'Ulfltu':)lnu • . " 
9i1UV1':) ~umurni~'Uflnui'ulntlu ~U'll~ui'ulntlU Orifice lfltl ~~9i.:)'j~UUf11'jui'ulntlU~lt1 

" 'llflUi'Ul'ritiU Orifice l~tI il.ii rim~~l'l:lm u.:) ~lflir'U11':)llH'U~1'U'YI1'U f11'j i'l1,,'Uu.:)mf11ffIlH'U 

11m MflHfl"1.:)'j~'I1i1':) Orifice nu~,)um~~l'l:lmu.:) 1l,,~li1f11'jui'ulntl1JUV1.:)ti'Uti 4 ~fl lUfl 

lJmflU{yf.:) i ~U'j~lJlW 3-5 'U1n fl'j1~I~flflU~ 1 i'l1"'Uu.:)mf11ff~':)'j~UU l~tli~~l]jtlUfl'lfU':) 

, Q.I' 4:9" I .d. I A' o'.c:t. 0' 
U1'Ulm~1J'U'YIfl'UUl.!" fllfl11lJflflmf11ff'YIm'U Orifice (Pressure drop; LlH) m'U~lfllJ1'j'UUlJlflU'j 
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, , " 

.c:S'QI ev.ci' d' QI ,0' 
'Yl1lflfllJ Orifice U€l::lJ'U 'Ylflfllfl111l fl1lfllfllff'Yl Hl'U'lf'U 11~ m:: flll:lm fl~ (PO fll'U ~ lflll11'U fl 

~ cid I QI i"~ tI" ." , 
llt1lfl'J 'Yl1lflfllJ Pressure tap ~'lf'U11~m::~1l:lmfl~ tl~llflt~fl:i U€l111~UH'Um'U'Yll'Ufll:i 11€l 

, " 
'\Jfl~fllfllffU~'U ~'U €l~ i tJ U~11llt'U'U fll:i mll'li'U~fl'U .ul~~'U ~'UmlJl'Jmt~'U 

TSI' P\110 

, , 
.c:t ~ d Q.I , .!I 

.fl1'W'tl 3.8 tmfl~tfllJ~1t1t11~~'U€l::fltl~ High volume air sampler 
A d ~ • ~I A d ~ • ~I 1 ' Q 1 1 

I : IflHHlnUYl,)Ml~ft'll!l :; m)u,)lJ 2 : IflH)~IOUYl,)DV1~ft'll!l :; mWIl'Ul~ lJlO'll 10 lJ fllllJm 
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d ... • 

3.2.2.2.2 fll ·HfllJ~1fltJl.:J 

41" d ... • .1 ... 1 "... 4 ... d 
'Yl 'lnfllJ~1flV1.:J'U'W \l~11.:JfI'j ::~l11fl'j fl.:J '11 fflJfJ~ fllJ~::UflH U~::'Yl \llJfI'j:: ~111 fI'j fl.:J ~':i 1\l1'll'T1 ~~ 

I ~fllJ9ifl':i ~ wh.:J lJ fll~ fl {nlJ ITl ~ fl.:J,j'W .yjm)~ ':i 1 fll ':i i '11 ~'U fl.:J fll fllff 

2) 1 rifl'j::~l11fl'j 1~1.:JfI~ml1'11i'lJ,j'WYi m)~':i1fll':i i 'I1~'Ufl.:Jfllfllff1 'W 

lTl~fl.:J,j'W.yj m)~':i 1f1l ':i i '11 ~'U fl.:J fl1f1lff u~::lH lJ:U~'U fl.:J m:: ~111 m 1~ 1.:J fI~ lJ 1,r ~':i.:J nlJn~l~ 

l~lJ~'Wl~lJ~1flti1.:J U~::Yi1fll':il'l1~V'UfI'j::~nllfl'j1~1.:JfI~lJ'Ylfl 24 i'11lJ.:J • 
3) 

fllfllff U~::fffll"'Hn~~fllJlJ~nW l~V':ifllJ 

4) IrlflmlJn1'11'U~n~1 1 ,r,j'W.yjflnmlTl~fl.:J'I1V~Yi1.:J1'W flflH'W~::tlfl.:J • • 
'U'U1~hhn'U lOilJ lmllJm \l::I~lJ~1flti1.:J'YJfI 3 i'1 llJ.:J U~~~'W~::flfl.:JnlJl~lJ~1fltiH'YJfI 6 

i'11lJ.:J 

o ... ..,j ... .ok .ok 
5) 'U 1f1'j ::~111 fI'j fl.:Jflflfl \l1f1~1Im fl.:J 'VllJ m::~ 111 fI'j fl.:JTI H'I1'W .:J~llJ 

U'U1tJl1 1 ,r~l'U~ijH'U ~~ flfl.:Jl.u1'111n'U • 
I " .Q. d QQ Q,I Q,I , 

6) '11 flfl'j:: ~ 111 fI'j fl.:J ~ 1VfI'j:: ~ 111 fl~lJl 'U VlJ'Yl ~ ~ ~ ~ 1m:: 1J ':i '11 ff~ 1fl V1.:J 

l~VlJrflVU~1 U~:: 1ri~.:J 1'Wfl.:J'Vlmff~flcjf'l1 ~~~~ mfl~HnlJ~1flti1.:J ':iflU1 i'l111T1':i1::l1 • 

.tI:\ ~ OJ , 

3.2.3 nl'nlfl"l1::'t1IWJ0£lH 

. " 
1) -if.:JU l'11tJflm ::~l11m fl.:J'I1 ~.:Jfll':i 1~1J'f; 1flV1.:J 1 ~VU 1m::~ 111 fI'j fl.:JfllJ 1 'W~ 

" , ." . , 
~~T111lJtif'U 24 -if1 llJ.:J -if.:JU1'11l:rflm::~nllmfl.:J~1mTl~fl.:J-if.:J T111lJ~::l6V~ 'YlffUVlJ 4 ~'hU'l1l,h 

Q.I ~ : Q,I Q,I d Q,I I 

lJ'W 'Ylfl'U 1'11'U flm:: ~ 111 fI'j fl.:J '11 ~.:J fll':i lfIlJ~ 1flV1.:J 

2) fl1'W1W'l1l'l1~lJl~':ifllfllff 'I11i~\l1f1ff~':i .. 

Va = 0.02832*Q* T 

l~v Va = 'l1~lJl~':ifllfllff ij'l1ti1mil'W~fl1JlffnllJm 

Q = fl~':i1fll':ii'l1~'Ufl.:Jfl1fllff \l1f1f1l':iU1~1~tl1'Wi~\l1f1m1~1.:JfI~lJ ij'l1ti1V 

lil'W~fl1Jlffn~~9ifl'W1fi 

0.02832 = ~ 1T1.:J~'U fl.:J fll':i l'l1~ V'W '11 ti 1V\l1f1~ fl1Jlffn~~ 9i fl 'U 1 fil il'W ~ fl1JlffnllJ~ ':i 9ifl'U 1fi ... .. 
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. .. . 
llifl~ 1tJ lW 1l~ lJ 111 ':i mt11f1i ~uf{ 1 'il1f)U tJ U llJ nJ i' UUnT111H lJ 111 ':i fl1t11f1Yil tl tJ t11':i 

1~U~lfld1~ 1l1'lrltJ 1l~lJ1m mt11f1~ff.f111:;lJ111 ':i ~ 1tJ 111 VfflJt11':i 

hw V'ld = 1l~lJ111':imt11f1~ff.f111:;lJlm~ltJ ih1111mrltJ~f)U1f1nllJlI':i 
Va = ll~lJlll':imt11f1 ihn.i1mrltJ~f)U1f1nllJlI':i 

P'ld = fll1lJ~tJU':i':iV1t11f1~ff.f111:;lJlm!ltJ (760 ijCl~llJlI':ill':ifl'Yl) 
Pa = fll1lJ~tJUnV1t11f11tJu':i'W1t11f1 ih1111mrltJijCl~llJlI':i1l':ifl'Yl . 

~d ~ 

T'ld = ~W'I11JlJ'Ylff.f111:;lJlm!ltJ (298 fl~f111flClltJ) 

T = flW'I1fliJltJ'U':i'W1t11f1 ij'l1'\.i1mrltJfl~f111flCl1tJ 
a " ... 

""!I II 1 ...' 0' 6 fll1lJl'\JlJ'\JtJ'\Jfl~~tJCl:;flfl~ (llJ mmlJlIfl~f)U1f1mlJlI':i) = ~iI-W~1O 

Vstd 

.. 
111v Wa = U1'11Uf)m:;1I1'lolmfl~'I1il~t11':il~'U~lfld1~ ij'l1t.i1mrltJf)i'lJ 

.. 
Wb = U1'11Uf)m:;1I1'lolmfl~nfltJt11':il~'U~lfld1~ ijml1mrltJf)i'lJ 

V'ld = 1l~lJ111':imt11f1lJlll':i!ltJ ijmjlmrltJ~f)U1f1nllJm 

10
6 

= t11':iullCl~mjlV'il1f)f)i'lJlrltJ ilJ 1m f)i'lJ 

~, ~, 

111Vf)1nh9i1lhf)ni~~lfld1~m:;~1'lolmfl~ 3 fli'~uf{l'111T11milv'\Jfl~ 
.. 
U1'11Uf)m:;~1'lolmfl~ 

3.2.3.2 

').11 fl'mJ(q '1 

"" • v v , "",!I 1 ' "" fll'11Ifl'11::'t1fll1).l1'U).I'UU'UtHt1T';i 000Ufl UHUtl::00~'UU1Vl ).lUlU 10 • 

.. 
1~Vt11':i~~m::1I1'lolmfl~~lfld1~ lriltJ'\Jll1ViCl1ff~f)'\JtJ111 50 ijCl~~lI':i l~lJ'\.h . . .. 

f)iltJll':i1f1'il1f)iflflfltJ 30 iJCl~~lI':i u1i1l1'\Jd1~lmfl~tl~1'\Jd1 30 tJ1Yi 'illf)UtJUllJlmtl~~ltJ 

m:;1I1'lolmtl~'\JtJ 11l1fftJ~ltJf1tJ6f)Cll~ 0.45 ilJ 1 fl':i llJlI':i 1 riffl':i Cl::CllV~lfldl~~~ltJ m:; 1I1'lolm tl~ .. 
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m\'11'U'U1~'YHllff~f11.h'ul11'VmJ'lHl'U (Anion) '~uri rl'''Vhfl "Ul~HI U",~i"'lvJ~ dTU 

'VVV'I.J'U1f1 (Cation) '~uri UVlJ lmih, 1911~mJ lum~ff1;vlJ U"'~Ufl"'l;VlJ hwl1ml~...t~1V 

lfl~V'l Ion Chromatography ~,.rv Methrom ~l.J Modular IC l1fl·n~...tl~vl.Jl'lff11~'jlfl·HU Y1'YlfJW 

iJ iillU~tlJtlJll 'VI ffl1 ffl"ll'lfll'V1Vlfnff~{~ 'lU 1~"'VlJ ~Wl"''lf1'jWlJlnl'V1Vl''V 

, 
q , 

m'Yf" 3.10 Ion Chromatography Methrom ~l.J Modular IC 

.. " v v "_I q 1 !I 1 , .. 
3.2.3.3 fll~1ltl~1::'Hfl1UU'U1I'UU'UV.:t8.:tfllJ~::f)8'lJ't1Nlflll U~U't1::V8.:t'UU1Yi lImu 

10 1111fl~111Y1~ 

Vvm~l.J ~l.J'VI16m{'Uvl.J (OC) 1il~m{'UVl.J (EC) 1911~VlJ (Na+) UVlJ llJ1UVlJ (NH/) 1 UUlI 

ffl;VlJ (K+) U"'~Ufl"'l;VlJ (Ca
2
+) fl"'V,'jfl (CO 'l.Jl~'j'VI (NO)) U"'~ i"'lvJ~ (SO/) U"'~ 

ffl'jU'j~f1V'Ugl.J'l (Others species) 1~V'~~1f1d1l.J~N"V'l PM ,O t1'U~.m'j1lJ"V'lV'lfil'U'j~f1V'U'j1lJ . " do 0 .ct Q,I do 

'VI 'YIl m H1f1111 ~ 'll.J 

Others species = PM 1o- sum masses of measured species 

& ..,j,1 '" ~.d?t 01 91'lffl'jU'j~f1V'UVl.J'll.J Vl~~~U'j~flV'U U~1V ff'l'VIllJl.JV'lflU'j~flV'U"V'l 

lUi'lVfll.JVfll'1fl.J 1l1~fl (Fe) UlJflUl;VlJ (Mg) 9iilflVl.J (Si) UlJ'lmUff (Mn) i~l~'jl~l.J'VVVl.J ~ 
" '~i''U~lfl f1'j~i"'~~fl (H2S04) lm~-nl.J1i~"V'l-Ul (Kansuke lm~Kanzuhiko, 2005) 
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.. J y y • _I • 1.!1 1 ' 3.2.3.4 fll"nlfl'l1~'t'Ifll1'l11'U'lI'UU'U8-38-3f1lJ'l~fl8'Ufll'l'U8U U'1U"~88-3'UU1~ 'lI 

lflU 10 '1Jlf1 '1 I'll VI '1 

"" ~ do' ~ 0' ~ 
fll1lJl'UlJ'U'U'UfI.:IfI'U'Yl'HJfI1,)'l.Hl'Ul1Cl~1i1~fI1,)1JfI'U'Yl Research Center for Urban Environmental 

Technology & Management, Department of Civil & Structural Engineering, The Hong Kong 

Polytechnic University, Hong Kong, China hw'~ lfl~fI.:I Thennal/Optical Carbon Analyzer 

DR! Model 2001 1"'~11m1~MfI1{1JfI'U 7 ril'U h1tl11l Thennal optical reflectance (TOR) ~llJYill 

ff1,) Interagency Monitoring of PROtected Visual Environments (IMPROVE) Yl1fll,)fl11JfJlJ 

". " fJtl!m~ lf1tJf)1')11m l~M~lmh~cHl'.'Jf)~lf1~l.:1l1 I 0 lf1tJff1lJlH)~111'U f)flflf) 1~~.:Ii1 (Cao l1Cl~ 

mu~, 2004) 

" 
1) fl'U'Yl~6f11{1JfI'U 4 ril'U lf1tJ'~tltUl1f1iJ''Ufll'.w-n111~~.:Ii1 OCI (120°C) . ... . " 

OC2 (120-250 °C) OC3 (250-450 °C) l1Cl~ OC4 (450-550 °C) 1'Uffflll~l1ijnl9f~I~tJlJl;.:Il1lJfI 

" 2) 1i1~fI1{1JfI'U 3 ril'U lf1tJ'~~f.U111JiJ''Ufll,)I~-n111~~.:Ii1 ECI (550°C) 

" . 1 fI tJ11li1 ff1') ,)~!l1 tJ~ltJl1Cl~ fl1 {u fI'U l1tl f)flflf)eli 1 fl9fU 1.:1 ril'U 11 ~ tlf)fIfI f) eli 1 fI 9f ... ... 
~ 0' 1 1 0'1 ... .,;. " ... o.J, ... do' I 

lU'UfI1,)UfI'U flflflf) 9ffl 'U~f.U'I11JlJl,)lJ~'UflfI 350 C 9f.:lff1,)fI'U'Yl')tJ,)~!l1tJ.:I1tJ (Volatile organic 
.d .c:. 0 ~ ad' 0' .d IS I .d 

carbon; VOC) flfIf)lJl'Yl~f.Ul11JlJ 350 C fI'U'Yl')tJfI1,)UfI'U'Yl!l1ClflflQ (Residual organic carbon) 'Yl 

~ I _I 0' & 1 I ... I ° , 
I lJ 'U ffl'U lJ ') ~ f) fI U'U fI.:I fl1') U fI'U 11 ~ tJ f)fI.:I fIfI f)lJl 'U 'tIl.:1 ~f.U 111J lJ ') ~ 1111.:1 350-600 C 'U ffflll~ 

" . 
~1~tJlJl1.:1l1lJfI fI1{ Ufll'U~fI1{UfI'U 1I~tJf)'lI~fltJflflf)lJ111lJfll1~f.U l11JiJ 600 °C (Gelencser, 2005) 

lf1tJ IMPROVE OC = OCl+OC2+0C3+0C4 

EC = EC1+EC2+EC3 

TC=OC+EC 



T~'1)per{J(UrL~ 

! . OIyQ~na t or 
. MetNU,\3fOf 

TerTI:::;t~,e~ ~~~~rC I I~r • FlO 

Oven PreSSure 

Flow 

.,j . 
.fll't't'fl3.11 ThennaVOpttcal Carbon Analyzer DR! Model 2001 . 
q . 

'fl'lJl: Desert Research InStitute, 2005 

o " " ". I " 3.2.3.4.1 f)1'Hll'W ltu fll1lJl'IJlJ'IJ'W'lJfl.:Jfl.:JfllJ'j ~fH)iJ'lJfl.:JfI1'HH)'W 

v 

,,; " " ". I "d.?t i 1 ..... " llJfl C
b
= fll1lJl'IJlJ'IJ'W'lJfl.:Jfl.:JfllJ'j~f)fliJfI1'jiJfl'W lJl1'WltJ1iJ'W lJ mmlJlPlfl~f)iJ1fl'f11lJlPl'j 

" " ".1 "d.?t i 1 .,. ..,. C. = fll1lJl'IJlJ'IJ'W'lJfl.:Jfl.:JfllJ'j ~f)fliJfI1'jiJfl'W lJl1'W ltJ1lJ'W lJ m mlJlPlflm'jl.:Jl9f'WlPlllJlPl'j 
til , , " 

A = Yl'Wn'IJfl.:Jm~lPll'I:Jmfl.:J"h'WYhfl.:Ji'iJH'WCl~flfl.:Jn.:Jl1lJ~ (407.6 IPll'jl.:Jl9f'W~llJlPl'j) • 

o .:::. dtl" ~.cd 
3.2.3.4.2 f)1'jfl1'WltufllJ'YIHlfI1'jiJfllJ'lJlJ'YI 2 (Secondary organic carbon, SOC) 

f)1'Jr'hlJltu SOC (Castro llCl~fltu~, 1999) 

OCsc<: 

"" d' ?til'" " = fll1lJl'IJlJ'lJlJ'lJfl.:J OC lJl1lJlfJ1lJlJ lJ fl'jmlJlPlflClf)iJ1fl'f11lJm .. 
EC "" d' ?til'" " = fll1lJl'IJlJ'lJlJ'lJfl.:J EC lJl1lJlfJ1lJ'W lJ fl'jmlJlPlflClf)iJlfl'f11lJm .. . " 
(OCIEC)min = ~W'h"l~'lJfl.:Jff~"hlJ'lJfl.:J OCIEC ilJ~~ml\r!j'~tJlJ 

37 
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2) '.i11J'.i1lJ~{J1JCl~'Ufl:;{J{J-:J'.i1lJ ~'UCl:;{J{J-:J'U'Ul~ 11ltil'U 10 1lJ lmllJ~'.i 

(J~ftlh:;fl{J1J'YI1-:Jlflij1 'U H'U Cl:;{J{J-:J'U'U 1~ '1l1n'U 10 1lJ 1m llJ~'.i 11Cl:;{J~ftlh :;fl{J1J'U{J-:Jm{1J{J'U 1 'U • 

2) n.n tJ1JlntJ1J~ mJCl:;'U{J~{J-:Jftlh :;fl{J1J'YIl-:Jlflij1 'U H'U Cl:; {J{J-:J'U'U 1~ 11l1n'U 10 • 
" . 

1lJ lmllJm mlJ'.i:;~1Jfl11lJU-:J 'U{J~v.'Unffmn l'U~'.il'lfl'Yl1 flHl'YI .... lJ'I11'Um ~1tJl~11ml::;..1 .. . 
fl11lJullnh1'U (Analysis of Variance; ANOVA) 

" " 01 1" I 01 "'" dol 01 01 '" I l'UlJ'U'U'U{J-:Jm'.i1J{J'U ~Ufl m'.i1J{J'U'.i1lJ {J'U'YI'.itJm'.i1J{J'U UCl:; lil~m'.i1J{J'U UCl:;U~U1'U OCIEC 

1'UH'UCl:;{J{J~'U'Ul~ 11l1n'U 10 1lJ lmllJ~'.i ~llJ'.i:;~1Jfl11lJU-:J ~1tJl~11ml:;..1fl11lJull'.i1l'.i1'U . .. 
(Analysis of Variance; ANOVA) 

~'UCl:;{J{J~'.i 1lJ (PM u[fSP) ff~ ff1'U 'U{J~ij'U 'YI ~ om{ 1J{J'U 11Cl:;li l~m{ 1J (J'U (OCIEC) ti'1J~{)l.JCl'Yll~ 
" .. 

~~iJtJlJl'Y1tJl UCl:;'.i:;~1Jfl11lJ~ ~~UlJ mm :;~1Jfl11lJ~ -:J 'U{J~v.'U nnVilfl1'.iffmn 1~tJ1 ,*ui1~ 

pearson correlation 



I 

~'U"::tltl.:j,)1lJ u,,::~'U,,::tltl.:j'll'U1~'~ 

In'U 10 'lJ lmllJ~,) 

4 JQI' 11 
11m1::l1mtltl1.:j~'U"::tltl.:j,)1lJ llCl:: 

~'UCl::tltl.:j'll'U1~ '~ln'U 10 'lJ lmllJ~,) 

I 

Q " ImJ,)1m1lJ'IItllJ" 

d " .I" 11"::i'ln'iJ1'11tllJmUtl.:j~l'U 

ti1l1'U~~'U~fln'iJ1 j 
1 

I 

I 

I Q~" I ') 1m1lJll "::1ltl ') 1::l1 'II tllJ" 

~ ~ . 
fll11J6U IIn::fI'~fI'1U 

PM,/fSP lin:: OCIEC mlJ 

iUfl11lJ\1~ IIn::'U'6111U 

I 

~ 

Iflih)6~ PM,. mlJiUfl11lJ\1~ 

I I 
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1 
thitltlue"u'U 

~,)1~1~fl~iitllJ1'V1t11 

I 
~ ~ ~ 

fl11lJfI'lJYlU1i'IJ6~ 

PM,/fSP lin:: OC/EC till 

anllw::YI1~t29jiitJlJ1ntJl 

J 



, 
.oS 

lJ'YI'YI 4 

QI " " , ~ ~ Q.I 

~ftmHl':i1~1flfl11lJ1'\JlJ'\J'U'\J{)~ TSP 11ft:: PM 10 11'U'UWlm'U{)~l'U'Unftl 3 1'U 11ft::f111lJ 

," iii""" , 
1,rlJ,r'Ul'U':i{)'U1'Um~tI WlllJi''Ufl11lJft'~ 3 ':i::~'Ufi{) i''U~N i''Utlm~ 11ft::i''U'U'U l'U 3 ~'Ul1ffmn .. 
fi{) ihlfl{)'\1lfll,..,tli >U~""1flft'~'\Jftl1'\JWI':il'IHYli tlHlYI'VllJ'\1l'Um 11ft:: ih1f1{)lij{)~ >U~""1fll;tI~1'\1lJ 

u • .. 
':iltlft::1~tlflij~~~{) 'UU 

. .. 
~ftm':iWl':i1~1fl ~'\.Jft::tH)~ ':i::,..,iN1'Ul117-20 1l'U11fllJ 'Vl.ff. 2550 l'U11~ft::i''U • 

" I , " 

f111lJft'~'\J{)~~'Ul1ffmJ1 ih1f1U'\1lfll,..,tli >U~""1flft'~'\Jm 'Vl'Uil f1111J1,j'lJ,j''U'\JU~ TSP m~tI i''U'U'Uij 
.. u .. . 

ril~H!fl fiu 48.5±9.8 ilJ lf1':itlflJ~u~tl'Ulffn1lJWI':i 11ft~i''UtlftH ijril~l"lfl fiu 35.9±5.2 . .. 
ilJ lmtlflJ~u~tl'\Jlffn1lJWI':i f111lJ1,j'lJ,r'U'\JU~ PM ,O m~tI 'Vl'Uil i'U'U'U ijril~~"lfl fiu 46.6±14.1 

.. . 
ilJ lmtlflJ~ufttl'Ulffn1lJWI':i 11ft::i''Utlftl~ ijril~lft'fl fiu 41.3±6.0 ilJ lmtlflJ~ufttl'Ulffn1lJWI':i .. . .. . . .. 
1ijU~1ll':iWlfl11lJ1,rlJ,r'U'\JU~ TSP i'U':iU'U1'U1'Q~tI 'Vl'Uil i'\.J'U'\.J ijrilft'~ft'fl fiu 53.8±8.8 .. . .. . 
ilJ lmtlflJ~u~tl'Ulffn1lJWI':i i'U'lf1~nftl 15.00-21.00 '\.J . 11ft:: i'\.Jtlm~ ijril~l"lfl fiu 34.5±0.9 

ilJ lmtlflJ~u~tl'\Jlffn1lJm i'\.J 'lh~nm 03 .00-09.00 '\.J. f1111J1,rlJ,r'\.J'\JU~ PM,oi'\.J':iU'U1'Um~tI .. .. 
'Vl'Uil i''U'U'\.J ijril~~"lfl fiu 58.7±9.7 ilJlmtlflJ~u~tl'Ulffn1lJWI':i i'\.J·lh~nm 12.00-15.00 '\.J. i''U 

~N ijril~l"lfl fiu 34.5±11.2 ilJ lmtlflJ~u~tl'\Jlffn1lJWI':i i'\.J'li1~l1ftl 21.00-00.00 'U. ':iltlft::l~tlfl 
.. 

ij~~~uiuu 

. .. 
~ftm':iWl':i11l1fl ~'\.Jft::UU~ ':i::,..,il~1'\.Jl117-20 1l'\.J11fllJ 'Vl.ff. 2550 'U111Wfllflyhi'U • 

d' 41 d "11 Q.I I d' "" dl 

~tl'\Jlfftl1lJWI':i lJfI1mfttl44.1±5.9 !lJ mmlJWlU~tl'\Jlfftl1lJWI':i 11ft::f111lJ1'\JlJ'\J'U'\JU~ PM 10 lJfI1 

24.2-64.5 'lJ lmtlflJ~ufttl'Ulffn1lJWI':i 11ft::ijrilm~tl42 . 5±11.0 llJ lmtlflJ~ufttl'Ulffn1lJWI':i ~~ .. .. .. 
Wll':il~'Vl 4.1 
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, .. 

HC'lf)l'lfl'l"Hl ifl~'UC'l::t1t1.:)l'UH)'Ui'Um~v 'Vi'U"h TSP -M'Uril':) ij~l{l'.:)fffl 47.8±5.8 
• ~ "4 

'lJ lmf)i'lJ~t1~f)'U1fl'ti'llJm l'U'tf1.:)1')C'l1 03 .00-09.00 '1..1 . llC'l::ij~l~l~~ 40.8±7.0 'lJ lmf)i'lJ~t1 

~f)'Ulfl'ti'llJfI'l1'U'tf1.:)1')C'l1 15.00-21.00 '1..1 . (m'll':)~ 4.1, m'Vi~ 4.1) ri1'U PM 10 ij~l''l.:)~~ 

48.8±13.8 'lJ lmf)i'lJ~t1~f)'Ulfl'ti'llJfI'l l'U.tf1':)11C'l1 18.00-21.00 '1..1. llC'l::ij~l~l~~ 34.5±11.2 

'lJ ltnf)i'lJ~t1~f)'U1fl'ti'llJfI'l1'U.tf1.:)1')C'l121.00-00.00 '1..1. (f11'lN~ 4.2, fl1'Vi~ 4.2) 

, .. 
HC'lf)l'lfl'l1~i~ ~'UC'l::t1t1':) 'l::'wh.:)i'UYi 17-20 i'U11TllJ 'Vi.fl'. 2550 'U~l1tU~l~.yh-M'U • 

,. d """ •• "" d' ,,. "'. " 13 lHmlJC'lf)l'll~'U'YI 'ViC'll9fl 'Vi'U11 Tl11lJl'1.1lJ'I.I'U'I.ItI,:) TSP lJTl1 28.2-48.5 lJ lmmlJfltI~f)'U1fl'f) 

at.ci ,"l Q,I'" ,.,,, d' 

llJfI'l lJTl1mC'lV 35.9±5.2 lJ lmmlJfltI~f)'U1fl'f11lJfI'l lm::Tl11lJl'1.1lJ'I.I'U'I.ItI,:) PM 10 lJTl1 32.8-58.1 

'lJ lmf)i'lJ~t1~f)'U1fl'ti'llJfI'l llC'l::ij~lm~V41.3±6.0'lJ lmf)i'lJ~t1~f)'U1fl'ti'llJfI'l ~.:)m'll':)~ 4 .1 

d • 

lJmfJ.:)~~ 38 .2±10.2 

'lJ lmf)i'lJ~t1~f)'Ulfl'ti'llJfI'l l'U.tf1.:)1')C'l1 15.00-21.00 '1..1 . llC'l :: ij~l~l~~ 34.5±0.9 'lJ lmf)i'lJ~t1 

~f)'U1fl'ti'llJm l'U.tf1.:)1')C'l1 03 .00-09.00 '1..1. (f11'l1':)~ 4.1 , fl1'Vi~ 4.1) ri1'U PM 10 ij~lfJ.:)~~ 46.1±3.2 

'lJ lmf)i'lJ~t1~f)'U1fl'ti'llJfI'l l'U.tf1':)11C'l1 06.00-09.00 '1..1 . llC'l::ij~l~l~~ 38.6±7.6 'lJ lmf)i'lJ~t1 

~f)'U1fl'ti'llJfI'l1'U.tf1.:)1')C'l1 00.00-03.00 '1..1. (f11'l1':)~ 4.2, fl1'Vi~ 4.2) 

.. 
3) i'U'U'U 

, .. 
HC'lf)l'lfl'l1~i~ ~'UC'l::t1t1':) 'l::'I1'h.:)i'UYi 17-20 i'U11TllJ 'Vi .fl'. 2550 1J~1')tU~l~.yhi'U • 

,. d .,,,,, I , "" .dl "1"1 CVI tI 
34 l'l.:)mlJC'lf)l'll~'U'YI 'ViC'll9fl 'Vi'U11 Tl11lJl'1.1lJ'I.I'U'I.ItI.:) TSP lJTl1 34.0-61.5 llJ lmmlJfltlC'lf)'Ulfl'f) 

~ 

#:if ~ ,,. Q,I' tI "" dol 

llJfI'llJTl1mC'lV48.5±9.8 lJ lTl'lmlJfltl~f)'U1fl'f11lJfI'l llC'l::Tl11lJl'1.1lJ'I.I'U'I.Itl.:) PM 10 lJTl1 15.7-68.4 

'lJ lTlmi'lJ~t1C'lf)'U1fl'ti'llJfI'l lm::ij~11'il~V46.6±14 . 1'lJ lmf)i'lJ~t1C'lf)'U1fl'ti'llJfI'l ~':)f11'l1':)~ 4.1 
~ ~ 

HC'lf)nfl'l1~i~ ~'UC'l::t1t1.:)l'U'ltl'Ui'Um~v 'Vi'U ";h TSP ij~lfJ.:)~~ 53.8±8.8 

'lJ lmf)i'lJ~t1~f)'Ulfl'ti'llJm l'U.tf1':)11C'l1 15.00-21.00 'U. llC'l::ij~l~l~~ 41.8±3 .0 'lJ lmf)i'lJ~t1 

~f)'U1fl'ti'llJfI'l1'U.tf1':)l1m 03.00-09.00 '1..1. (f11'l1':)~ 4.l, fl1'Vi~ 4 .1) ri1'U PM 10 ij~lfJ.:)~~ 58.7±9.7 

'lJ lTl'lf)i'lJ~t1~f)'U1fl'ti'llJfI'l 1 'U.tf1':) 11m 12.00- 15 .00 '1..1. llC'l::ij~l~l~~ 36.2±20.5 'lJ lmf)i'lJ~t1 

~f)'U1fl'ti'llJfI'l l'U.tf1':)11C'l1 09.00-12.00 '1..1. (f11'l1':)~ 4.2, fl1'Vi~ 4.2) 
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J .; , .d " " , 1 ....' .. 
~1·nnI4.1 m~l"l~-"l ·r'l~ u"~mtlHW'Ufl~mllJt'UlJ'U'W'Ufl~ TSP U"~PMIO ( lJ mf1':i1J~fl\1fl1J1fffl 

. " . 
tlJ~'j) 'j~,.dnl'Wii 17-20 1l'W11f'1lJ ..... ff. 2550 ~'WiiffmnihlJlfl'l11~ h1tY ~~l1-j~ff~'Um 

TSP (1).J 1fl1fl1).Jgj8\1flUlftOl).JA'l) (11 ". , ... PM
10 

).J fl10'l).JA8\1flUlftfll).JA'l) .. ..'" 
't'fU'YIft fllll . . . 

• 0 . .. • 0 . .. 
fl1Alq~-\l'lq~ flll1HUJ ±SD fl1A1q~-\l '1q~ flll1HItI ±SD 

" ~'Uth'l 33.4-54.5 44.1±5.9 • 24.2-64.5 42.5±11.0' 

" 
35.9±5.2

b '" 2S.2-4S.5 32.S-5S.1 41 .3±6.0' 'If'Uflt'll'l 

" 
W'U'U 34.0-61.5 4S.5±9.S" 15.7-6S.4 46.6±14.1 a 

111JltJI1Hj: a,b flflfl,)l1JI,j'1J,;''UIQ~tJ~fl~ TSP 1Ir1:: PM,. 1::11'jH'5'Ufl,)11J\1~~iithll~n~W)'UfltiHihrtJthtity'l1l~t1ii~~1::~Ufl,)11J 
A ~ 

l'lffl1J'U 95% 

. " . 
'j~l1il~-j'Wii 17-20 1l'W11f'1lJ ..... ff. 2550 ~'Wiiffmm'htflfl111~ 111tY ~~l1-j~ff~'U"l 

l1t'l1 

09.00-15.00 'U. 46.1±2.7 

15.00-21.00 'U. 40.S±7.0 

21.00-03.00 'U. 41.6±7.1 

03.00-09.00 'U. 47.S±5.S 

:, , 
l1t'l1 'I1'Ut'l1'l 

06.00-09.00 'U. 44.6±5.4 

09.00-12.00 'U. 45.1±15.S 

12.00-15.00 'U . 3S.7±7.S 

15.00-IS.00 'U. 3S.2±14.7 

IS.00-21.00 'U. 4S.S±13.S 

21 .00-00.00 'U. 34.5±11 .2 

00.00-03.00 'U. 43.4±7.S 

03.00-06.00 'U. 46.5±14.2 

35.3±5.7 

3S.2±1O.2 

35.S±0.S 

34.5±O.9 

46.1±3.2 

3S.S±4.2 

40.3±4.2 

40.1±1.6 

44.1±12.6 

42.S±7.3 

3S.6±7.6 

3S.6±5.2 

:, 
'IfU'IJ'U 

49.3±13.5 

53.S±S.S 

49.1±12.1 

4I.S±3.0 

46.S±12.5 

36.2±20.5 

5S.7±9.7 

43.0±13.3 

55.4±7.4 

49.3±IS.3 

3S.9±IO.3 

44.5±IS.2 
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70.0 
---i",.u 

6!1.0 -~.i.,.,nllll"l~ 
-..-ivu'N 

l 
60. 0 

!I!I. O 

!lO.O 

4!1. 0 

40. 0 

--
--------------4--------------- ---~·----------------------_4 

-- ----- --
3!1.0 

30.0 _. 

2!1.0 

20.0 

09.00-I!I.00 I!I.OO-:U.OO l,,)Dl 21 .00-03.00 03.00-09.00 

" . 
llU11fllJ 'VUf. 2550 'U~m.u~U.yjffmn ihlf1t:1'H1~ hHU ~~"l'l~ff~,\Hll 

" 

70.0 

---4- i\4lil..a 
65.0 --- ,'.InI'l1-' 

......- " .. .. 
60. 0 -- .. - .- - _. - - - • ·0 -.- - - -- P._- --- -
5~.O 

'1 50.0 

~. 
45.0 

1 
40.0 

35.0 

30.0 

- / ~ / / t--------. -- - --

/ "" / /' ~ :---.-, --'~ ..• , .. r-.. ~ . -~ '-----::x-- ..-

--------'-';: 7 ~. / 
---

25.0 . -
20.0 

15.0 

10.0 
nln 

06.00-09. 00 O~.OO-12.00 12.t)()-15.00 15.0U-lil.OO IIJ.OO-21 .00 21 .00-00.00 00.00-03 .00 03.00-06.00 

" . 
20 llU11fllJ 'VUf. 2550 'U~nW~U.yjffmn thm:nn~ hfqJ ~~"1'l~ff~'U"l 

'D .• r-

iuu'U RI - 0.5336 

.... +---- -

• .--k .... ---------.- ---- ----------. -- . ~"..-... --..... ------ -

+-i"_D_·'_' _R·_-_._.,_, ... ________ . ___________ .~~ - --~:::;;i!.>-;:=£~~------.--------l 
~ .• +----------------------------------.~-~.~----=:-----~--------------------_4 

• i,.uh ... 
• i,.,.nDl ... .... ;---- --- ,- - "- ,,~~-.-. - - --- " ._- --- - --- --
A i".,,, I 

i 
2n.o 3D.. ",,0 . 0 7n.O 

JO)'U.:l:O., ... ~ ..,~(TSr) (f.I. '"'~) 

m'Yf~ 4.3 ~liYlJtl'j~i1'Y1tff'l_fiYlJ~U,r (R2) 'j~'l_f1VJ TSP 

'l_fl~i'l_fqJ ~~'l_fl~ff~'U"l 
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~1f1f11"j~'il1"jW1'Y11':)'CY()~ fl111J1,j'lJ,j'U'\Jfl':) TSP ~1lJ"j~~'Ufl11lJ'CY':)~ffmn Vi'U11 
OJ 

~ 'd 0 & 4 , 'Q.I ~, ~ 'd ~ 0 QI QQd QI 

'))'U f1~ N 'Vi'U film ~tJm~~ 91,:) lJfIlU~ f1m':)f1'U,)),u m.:)u~~'))'u 'UU fltJNlJU tJ'CY1f1\)J'Yl1.:J 'CYf;)~'Yl"j ~~'U 

a~ a ~ d " doe:. 
fl11lJ1,)),fllJU 95% 1Ufl':)'il1f1 '))'Uf1m.:JlJfl11lJUUlhU'YI1.:)f11tJfl1'Vi (Machanical turbulence) 91':)1f1~ . . 

Q.I d.ca 0 , Q I Y ~ Q.I' Q,I 

'il1f1~ f1lJ W~ 'YI1':)f1 1tJfl1'Vi 'Yl1f1~ 'il1f1~ 1U l1U.:) '\J fl':)'CY .:)f1fl'CY"j Nfl fl~~~ "j 1'il1~ flQl1 ~.:Jfllfll"j "l.:) (1"j111i 

" . 
1iYtJ~ , 2542) ~':)lf1flm~U'CY~lJu"j ':)lJ1f1f)'.hiu~u l1'Jum~ i 11'1f1flf11"j 1~tJ'il1':)lJ~'CY1"J (1.:Jff~ui' iilJll • 

dotlQ d. I i~.J.. i ' 
l'CYUtJ, U~tJ1 lJl11rl~ U~~ 1i"j~ 1mtJ~, 2543) 'CY':)rl~ l1 TSP 91.:)lJfl11lJ'CY1lJ1"jf;) Uf11"jU'\J1U~tJtJtJ~ 

i '
~"Q. d.4:S "'9I~' ,,,,, Q.I 

u'UntJ1f11fl' fI lJ1f1U 2-3 U1'YllJfl11lJ1'\JlJ'\Jumf111 PM,o 'CY1Ufl11lJ1'\JlJ'\JU'\JtJ.:) PM,o ~llJ"j~fI'U 

fl11lJ"l':)~fff1lJ1 'Vi'U 'h i~ ijfl11lJU~f1~ l.:JnU 'YI1':) 'CY()~ 1 fltJfl1'Vi"j 1lJ f11"j ~ "j 1 'illf1f111lJ1,j'lJ,j'U '\JtJ.:J ~U 
, ", , , 

~~tJtJ':)~1lJ"j~~'Ufl11lJ'CY.:J i 'U'tf1':)l1mYiiilf11"Jfff1lJ1 ~UYifff1lJ1ii11flfll11fl hfW ijth'~ 'CY.:) li1tJ':)'il1f1 
OJ U • . " 

i U 'lf1':) 11~lYili1f11 "j 1n mi 1tJ ~ 1,:) ij fl11lJ~U 'CY .:)u~~ij ~U~f1 i U 'U1':) 'lf1.:J11~ 1 ~.:)'~ 'CY1lJl "j f;)'U tJf1f111lJ .. 
" . • , " " .!I i' QI d 0 .t:f , )I , ... 

U~f1~1.:)"j~l111':)fl11lJ1'\JlJ'\JU'\JtJ.:J'\JtJ.:JHU~~tJtJ.:) UU~~~,)),U'Yl'Yl1f11"jfl'f1lJ1 flfltJH'))'fl1'ilU • 

" " rhfflJll"j~iY'Yli''CYmYlJ~ui' (R2) "j~Wj1':) TSP n'U PM,o vi.:) 3 "j~~'UiUfl11lJ"l.:) iu 
" . 

ii11fltJl11flimy ~':)l11fl'CY':)'\Jm 'Vi'U11 iU'UUijri1 R2 "l':)~fl ;)fl 0.534 fl~1.:)ijl!tJ~hTi\)JYi"j~~'Ufl11lJ 
, , ,.. , " I , 

l~tJ,jU 95% u~~iuf1m.:) ijri1 R21Pl1~fl;)tJ 0,080 iuri1.:)nijri11Pl11'lfUnU ~':)fl1'ViYi 4.3 u'CYfI.:)i11' 
, ,.. ,..,.. 

1ilu11f111lJ1,j'lJ,j'U'\JtJ.:) TSP U~~ PM 10 YiiU'Uuijfl11lJfflJiui'nu ~huiuri1':) U~~ iUf1m.:j '~ij 
. " 

fl11lJfflJ~U i'nu iY'Un4 tJ.:)lJl 'il1f1fl'Yln'Vi~ 'Yl1.:j f11tJfl1'Vi'\J fl.:) ~~~ "j 1'illfl ;) tJ i uiu f1m.:)ijfllfll"j '\J11':) 

'tll i 11'1f1fl m~u 'CY~lJ1U' l1~u~~iu ri N l1'JU'lftJ':)fllfll"j 1f1~ 'il1f1'illJ~1'\JtJ.:) ~U~~tJfl':) l1'Jumll i 11' 

" " 
TSP U~~ PM,o iuiuri1.:JU~~iuf1m.:) '~ijfl11lJfflJ~ui'nUtJ~1.:)ijl!tJ1;hTi\)J 

Q. " " Q.I d d, ~ , i! ~ d I i 'Vi'ilnW1f111lJ1'\JlJ'\Juiu"jtJ'U1Um~tJ'il~mU fl11 TSP U,)),Uf1~HU~~,)),U'UU 'il~lJfIl"l.:) U 

" 
'lf1':)l1m 15.00-21.00 U. iUri1':) ijri1"l':)~fliU'lf1':)11~1 03.00-09.00 U. U~~ PMIO ijuu11,.j'lJriT'l':)~fI 

'~ifl1'ilU i U'Ylf1f111lJ'CY.:) ;) tJri 1'CY .:J'CY~'il~1f1f1~ U i U 'lf1':)l1m~ U~ f1~ l.:Jn U ~1lJ"j~~'Um1lJ 'CY.:) ~.:) 'il1f1f11"j 
• cu IV q cu 

'\JtJ.:) TSP U~~ PM
IO 

fl~1.:)ijl!mhTi\)J'Yl1':)'CY()~ fll'il'UtJf1 '~11f111lJ1,j'lJ,j'U'\JtJ':)~U~~tJtJ.:)~m1'illf1 iu 
" 1 , , 

~uYi ii11fltJlf1flimy ~':)l11fl'CY':)'\Jm "j~lf11':)lUYi 17-20 llU11f1lJ 'Vi .fl'. 2550 1f1flf11"j11l~tJUull~.:)iu 

"jtJ'U1U lfltJlJ1'il1f1U 'il~ tJtu l'lfU 'il1mmri':)flln1 fI lf~ fl ~ f1lJW~'YlNf11tJfl1'Vi'\Jfl':) ~ fI~"j1'illf1 ~.:) 

'lf1':)l1m~'Vi'Ufl11lJ1,j'lJ'\j'U'\Jfl':)~U~~tJtJ.:)"l':)~fl11'J'U'tf1':)l1m~ijm"j'il"j1'il"jlf'\.JlUUUf111'lf1.:Jnmtu 

..,; ., -,.,;., ~ ~ , '" 
llJtJ'Vi'il1"jW1f11"j1lJ~tJUUlJ~.:Jfl11lJ1'\JlJ'\JU'\Jfl':) TSP U~~ PM IO ~tJfl11lJ"l.:) 1 llJm flfl 

f11 "jlf 1ri11f1 "j 1~ tJU yj' '\J tJ.:) HU ~ ~flfl':) ;) tJ~~ "j 1ff1U "j ~ l111.:J HU ~~ flfl.:) ~11l ~ tJUUllM~ tJ"j ~ tJ~ 'Yl1':) ~ • • .,; i .. ...,;"', ~ , "'., ..,;..1..,; ..,;. .1 
11l~tJUU 1l~.:) 11 1 ~1tJ1m 1fltJU 'Yl'YllJfIl1lJU 'U1f1 U 'CYfl.:J11lJ11 "j lJlW1'VilJ'\JU1lJtJ"j~tJ~'YI1.:J1'VilJ'\JU 1m 



45 
" ,'', )I 

lJ'111'Yltl1~tJlfllJ mff1ff~{ 2542 111m! 'U U llJ 1M1ril 1 'U 'H)'l.J'l\Hll ~tJ 'Ufl-:j~'UYifffllJ 1U ... ftrh 
, " " 

fl11lJ l.u'lJ'I~''U 'U fl-:j TSP ,; flllJ~ l Yii'U ~ 1-:j -i'U fl Cl Hii ril Cl ~ Cl-:j ~ llJ fl11lJ ~ -:jlJ 1 fl fl11 PM
IO 

1 'U 't'J fl 

'lf1-:jl1Cll u,;1 'U'lf1-:jfl11lJff-:ji'U flCll-:j-imJ'U fl111H.u'lJ.u''U 'Ufl-:j TSP ,;mlJ~lfl~1Jii~11~lJ~'UmlJ ... 

fl11lJ"l-:jlJ1flfl11 PMI01'U't'Jfl'lf1-:jl1CllllCl ~ ~lm~tJl 1 lJ'Ufl-:j TSP UCl~ PM 10 1~lJ~'U~1lJ'j~~1Jfl11lJ 
" " ff-:j1l1fli''U~1-:j-i'U1J'U ~1m)m1 0.05 UCl~ 0 .04 ilJ ifllfli'lJ';flClfl1JlffnllJ~ l ';flfl11lJff-:j 1 llJ~l ~-:j ... ... ... 
~ d \IJ'" " " 'd r! I r! .ct, 

~1l1-:j'Yl 4.3 lI~m'U 1~11fl11lJl'UlJ'U'U'Ufl-:j TSP 11Cl~ PM 10 ~mlJm 'Ylfl11lJ~-:j'lf'UCl1-:j-'lf'U1J'UlJm 

~J CLI .ct, .d , !l'd Q,I Jt"" .J 
1'Y'flJ'U'UmlJ'j~~1Jfl11lJ"l-:jUCl~lJmmCltJ fl"CHfltJ-:jfl'U l'Ufl-:j1l1flfl11lJl'UlJ'U'U'Ufl-:j TSP UCl~ PM

IO 
'Yl 

" ," '" . 
~l 11l1~ '~1 'U~'U Yiij ii~ 1 hi ff -:j lrl'U ~CllJ 1 fl1l1flfl'Yl il 'Y'f Cl1l1mJ'U U Cl~ ih ~ tJ'Yl1-:jflltJfIl'Y'f 'Ufl-:j~'U Yi 

" I I ,'', 

~l11l1~Yivh 1 ,rln~fl11lJil'U ih'U'Yll-:jflltJfIl'Y'f vh 1,r ~'U Cl~ flfl-:j.yj~l 11l1~ 1 'Ui'U flCl1-:jii~19i1"l~ 

'" • Id • I " " 3 I 1 '" Vl11H'YI 4.3 flllllJCltJ'UUlJCl-:jfl11lJl'UlJ'U'U'Ufl-:j TSP 11Cl~ PM 10 (~g/m ) ~flfl11lJ"l-:j 11lJ~l 'Ulfl1J1'U 
I 1 " , 

m~tJ l~M11-:j1'U.yj 17-20 i'U11fllJ 'Y'f .ff . 2550 ~'U.yjfffllJl thli1flm~ 1my ~-:jM1~ff-:j'UCl1 

nill 

09.00-15.00 'U . 

15.00-21.00 'U . 

21.00-03 .00 'U . 

03.00-09.00 'U. 

.. . 

.. .. .... , .... 
'V'Uill.:.!-'V'U Oill.:.! 

TSP 

-0.36 -0.08 

-0.09 -0.05 

-0.20 0.09 

-0.45 -0. 11 

-0.27 -0.03 

.oS ",<'I '" 

TSP 

0.2 1 

0.24 

0.21 

0. 11 

0.19 

4 .1.1.2 'Vi'" 'YI fI 01:1 1 l'U VI'HlI l'YI1 0l~ l'YI'VU.! 'ttl U fl";j 

.. .. .... , .... 
'V'Uin.:.!-'V'U'U'U 

TSP 

0.12 0.03 0.06 

0.11 0.14 0.06 

0.04 0.08 0.05 

0.02 -0.06 -0.02 

0.07 0.05 0.04 

~Clflll~l1111~ ~'UCl~flfl-:j l~wh-:j1'U~ 18-21 fllJfIl~'U,r 'Y'f.ff. 2551 1'U11';Cl~ • • 
)I " I I " 

Q.I .ad...:9 do I"" dQ.l 
'If'Ufl11lJff-:j'Ufl-:j'Y'f'U'YlfffllJ11'U~ll 'IH'Yl1 flHl'Yl'Y'flJM1'Ufl";j 'Y'f1J11 fl11lJl'UlJ'U'U'Ufl-:j TSP mCltJ'lf'U " . " . 
~1-:j ii~l~-:j"l~ fifl 140.0±22.9 ilJ ifllfli'lJ';fl~fl1J1ffnllJ~l 11Cl~i'U1J'U iifl11lJl.u'lJ.u''U~;'''l~ fifl 

. " 
112.0±12.5 ilJ imfli'lJ';fl~fl1J1ffnllJ~l fl11lJl.u'lJ.u''U'Ufl-:j PM IO m~tJ i''U~1-:j ii~l~-:j"l~ fifl 

" . 
118. 7±21.1 i lJ i fl l fl i'lJ ,; fl ~ fl1J 1 ff n llJ ~ l 11 Cl ~ i'U 1J 'U ii fl11m.u' lJ.u' 'U 9i 1 "l ~ fi fl 111.9± 17.3 

. . " 
'lJ imfli'lJ';fl~fl1JlffnllJ~l lljflYl1l1lW1fl11lJl.u'lJ.u'lJ'Ufl-:j TSP 1lJlfl1J1lJm~tJ 11-:j 3 l~~1Jfl11lJ 

" 
ff-:j 'Y'f1J'h ilJ~l-:j ii~lff-:jff~ fiflI60 .5±20.9 ilJimfli'lJ';flClfl1JlffnllJ~l 1lJ'lf1-:jl1CllI5.00-21.00 

cu cu q cu 

" . 
lJ. ri1lJilJ1JlJ ii~19i1"l~ 100.9±9. 1 ilJimfli'lJ';fl~fl1J1ffnllJ~l 1lJ'lf1-:jl1Cl1 03.00-09.00 lJ. 

. " 
fl11lJl.u'lJ.u'lJ'Ufl-:j PM 10 1lJlfl1J1lJm~tJ 'Y'f1J11 i'lJ~l-:j ii~l~-:j"l~ 148.8±22.8 ilJ ifllfli'lJ';fl 

~fl1JlffnllJ~l 1lJ'lf1-:jl1Cll 21.00-00.00 lJ . ri1lJilJUlJ ii~l~lq~ 91.1±3.0 ilJ ifllfli'lJ';fl~fl1J1ffn 
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" llJ~'j i'U'lh~nCll 03.00-06.00 'U. 'jlVCl~tflVfl'lH)~~Clf)1'j~'jl'),1fl i'UU~Cl~i'Uf'111lJff~ ~~n .. 

" 'jlVCl~tflV~~U 1,jii 

" .... I 

1) 'If'UCll~ 

~Clf)1'jfl'jl'ill~ H'UCl~UU~ 'j~'I1il~l'U~ 18-21 f)lJfI1~'U£ YUl'. 2551 lJ~nWfll~vh • • 
" U1f1n'ilu~'j(li'U 10 h~u'jlJilJ'I1Vf)ff'YI (ilJ'I1Vf) 1) ~lJil fll1lJt~lJ'Ij''U'lJU~ TSP nf'h 106.4-180.2 .. 

0' Q,I .ci 
tlf)1J1ffmlJ~'j ~~m'jl~'YI 4.4 

~Clf)1'j~n'ill~ ~'UCl~uu~i'U'julJl'Um~v ~lJil TSP m~v nfil~~"l~ 160.5±20.9 

'lJ lmf)flJ~utlf)1J1ffntlJ~'j i'\.J'lh~nCl1 15.00-21.00 'U. uCl~nfil~l"l~ 120.5±12.3 1lJ 1 m f)flJ~u 

tlf)lJlffntlJ~'j i'\.J'lh~nCll 03.00-09.00 'U. (~nl~~ 4.5, fI1~~ 4.4) ril'U PM,o m~v nfil~~"l~ 

148.8±22.8 'lJ lmf)flJ~u~f)lJlffntlJm i'\.J'lh~nCl1 21.00-00.00 'U . uCl~nfil~l"l~ 102.9±14.3 

'lJ lmf)flJ~u~f)1J1ffntlJ~'j i'\.J'lil~nCll 06.00-09.00 'U. (~l'jl~~ 4.5, fl1~~ 4.5) 

~Clf)1'jml'ill~ H'UCl~UU~ 'j~'I1il~l'U~ 18-21 f)lJfI1~'U£ ~ . ff. 2551lJ~nW~1~vh • • 
h~mlJilJ'I1Vf)ff'YI (ilJ'I1Vf) 1) ~lJil fll1lJt~lJ~'U'lJU~ TSP nfil 94.6-160.8 ilJ lmf)flJ~uClf)1J1ffn .. .. 

.c:I1 d 1"l Q,I I 0' "" dol 
tlJ~'j lJfllmClV 127.5±21.6 lJ lf1'jmlJ~U~f)1J1ffmlJm UCl~fll1lJt'IJlJ'IJ'U'lJU~ PM IO lJfI178.l-156.6 

'lJ lmf)flJ~utlf)1J1ffntlJm tm~nfilm~v 113.0±18.6 1lJ lmf)flJ~u~f)1J1ffntlJ~'j ~~~l'jl~~ 4.4 

~Clf)1'j~'jl'ill~ ~'UCl~uu~i'U'julJl'Um~v ~lJil TSP m~v nfil~~"l~ 145.4±18.1 

'lJ lmf)flJ~u~f)lJlffntlJ~'j i'\.J'lil~nCl1 15.00-21.00 'U. uCl~nfil~l"l~ 108.1±7.0 1lJ lmf)flJ~u 

'Jf)1J1ffntlJ~'j i'U')h~nCll 03.00-09.00 'U. (~nl~~ 4.5, fI1~~ 4.4) ril'U PM IO m~v nfil~~~~ 

135.6±19.8 'lJlmf)flJ~u~f)lJlffntlJ~'j ''U'lh~nCl1 09.00-12 .00 'U. uCl~nfil~l~~ 95.2±3.4 

'lJ lf1mflJ~u~f)1J1ffntlJ~'j ''U'lh~nCl1 21.00-00.00 'U. (~l'jl~~ 4.5, fl1~~ 4.5) 

" 3) i'UlJ'U 

d,' d 1"l Q,I I II' "" dol 
tlJ~'j lJmmClV 112.0±12.5 lJ lmmlJ~U~f)1J1ffmlJ~'j UCl~fll1lJt'IJlJ'IJ'W'lJU~ PM IO lJfI1 81.0-175.7 

1lJ lmf)flJ~UClf)lJlffnllJm UCl~nfhm~v 111.9±17.3ilJ lmf)flJ~UClf)lJlffnnJ~':i ~~m'jl~~ 4.4 .. .. 
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f'Hlm':i~':i'Hr)~ fh,m:::m)'li'W':ifl'U1'Wm~[J 'V'I'U 'h TSP m~[J ijTllU'l'c1~ 121.8±12.9 . ~ "' 
1lJ imfli'lJ~mJfl'Ulfl'n!lJ~':i i'W<M1'lldcn 15.00-21.00 'W. un:::ijfil~l~~ 100.9±9.1 1lJ imfli'lJ~fl 

~fl'Ulfl'n!lJ~':i i'W<M1'lldnl 03.00-09.00 'W . (~l':il'l~ 4.5, fll'V'l~ 4.4) ff1'W PMlOm~[J ijTll'~'l~~ 

140.3±28.4 1lJ imfli'lJ~fl~fl'Ulfl'n!lJ~':i i 'W<M1'lldm 21.00-00.00 'W. Un:::ijTll~l~~ 91.1±3.0 

'lJ imfli'lJ~V~fl'lJlfl'n!lJ~':i iWlf1'lldnl 03 .00-06.00 'W. (m':il'l~ 4.5, fll'V'l~ 4.5) 

f)11H~ 4.4 Tll~l~~-~'l~~ Un:::Tll!~~[JmllJ!.u'lJ.u''W'\JV'l TSP Un::: PM IO (1lJ if)':ifli'lJ~V~fl'lJlfl'n!lJ~':i) 
, " , 

':i:::, .. dl'l1'W11 18-21 fllJm~'Wi 'V'I .fl'. 2551 'U~mU~'Wl1ffflln !'\J~':il'lf!'V11 flH!'YI'V'IlJ'I1l'Wf)':i • • 

l ..... 
(t 1 ..., , 

TSP 'lJ tl101'lJfl8\10'Ul1'I0l'lJfl1) 
(t 1 ..., , 

PM 10 'lJ tl"l01'lJfl890'Ul1'I0l'lJfl1) 
'VtUYlI'IOlf1 , , , , , " , .. , " , .. 

tllfl1q~-\l,nl~ tl11~atl ±SD tllYllq~-\l'lq~ tl11~atl ±SD 

" wrlv~ 106.4-180.2 140.0±22.9 a 88.4-164.6 118.7±21.1 a 

" b ... 
94.6-160.8 78.1-156.6 113.0±18.6

a wmm 127.5±21.6 
.. 

ciU1J'U 92.3-127.7 112.0±12.5
c 

81.0-175.7 111.9±17.3
a 

" . 
2551 'U~ldW~'Wl1ffflln l'\J~':il'lf!'YIi fl~ 'll'Vl'V'llJ'11 l'Wm 

.. 
.vU'UU 

09.00-15.00 U. 128.4±19.4 112.7±16.4 110.2±12.0 

15.00-21.00 'U. 160.5±18.6 143.6±18.1 121.8±9.1 

21.00-03.00 'U . 150.6±20.9 145.4±7.0 115.O±IO.8 

03.00-09.00 'U. 120.5±12.3 108.1±12.9 100.9±12.9 

.. 
.vU'UU 

06.00-09.00 'U . I02.9±14.3 99.1±8.9 104.0±8.3 

09.00-12.00 'U. I07.5±11.3 95.2±15.2 114.4±3.0 

12.00-15.00 'U. 104.6±18.5 103.3±9.8 I09.4±IO.7 

15.00-18.00 'U. 113.4±10.4 111 .8±8.3 1 IO.2±9.9 

18.00-21.00 'U . 124.2±14.8 126.8±3.4 114.7±3.9 

21.00-00.00 'U. 148.8±5.4 135.6±19.8 140.3±28.4 

00.00-03.00 'U. I 42.3±22.8 131.5±16.1 I 10.9±1 1.3 

03.00-06.00 'U. 105.5±12.8 101.0±11.7 91.1±14.4 



'f 

'! r 
e 

11!I3. 0 

JIJO. O 

J73. 0 

170. 0 

165.0 

160.0 

155.0 

150.0 

1"3.0 

1"0. 0 

133.0 

130. 0 

123.0 

120.0 

113.0 

110.0 

105.0 

JOO.O 

93.0 

90.0 

"".0 
110.0 

175. 0 

170. 0 

165. 0 

160.0 

155.0 

130. 0 

143.0 

140.0 

133.0 

130. 0 

125. 0 

120. 0 

113.0 

110.0 

105.0 

100. 0 

93.0 

90. 0 

85.0 

80.0 

75. 0 

70.0 

-----.- -- .-------.. - =-: ::7~' - . - - --
--------------.------~ -. r -'--- ~---= ~K-' -

09.~I5-.00 13.00-21 .00 21.0&-03.00 

QI rI ~ ~ d.ei d 

.......--. i"n:h~ 
--__ i"n ... ~ 
-.- ,j''''U'U 

03.f~09.00 
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21 fl1JflWfUli 'rut 2551lJ~nw'rfU'Ylfffl'l;jll'tl91~1'IH'Yl1 fl~~I'YlYl1J'\'HUm 

-t------------- ----------- ---- --...__----- -- -+- il.nh-a -
-------11-----,---- __ _ -i .. nftH 

~--------------------------------------------------------~--------~---- -.- -i .. u .. -

nnl 

06.60-09.00 09.00-12.00 12.00- 15.00 13.0.18.00 18.00-21 .00 21 .00-00 .00 00.00-03.00 03.00-06.00 

QI rI ~ ~ d.ei d 

21 fl1JfllYl'U li Yl.ff. 2551 lJ~ nWYl'U'Ylffflm 1'tI91~1'IH'Yl1 fl~ ~1'YlYl1J'\11'Ufl~ 

lao.e ,-----.. ----.--- --- -_ .. - _ .. 

168. e 

• _ ""Un.,~ HI: _ e.682." • 

1 :::: :=-i=,,=e="=R=.=-=.=.2=.="=================~ ____ -_--_-_-_~---~~-------.-c-----"":~==-----'-"'.!b-;;:;:: ---::--~~==-'------~----~---~----~-=--:----:------~~~------l--
l ........ ~~~ · 
i 

I ••. • +-_ _ _____ _ _ ________ -:::~""..-----=~--c~~,...~ _____ - -----------.--------1 .. A.---... • 

1
···· 
60. 0 

••.• +----------------------. ------------------------------------------- • -i"eH 
;:o.e r-------.-------- ----

0 •• 

e.& 2 •. 0 .0.0 60. 0 80.0 100.0 120 . • •• o.u 160.0 110.0 200.0 

, ~ " I 

i1l'rtn 4.6 filff1J1.h~iY'Yl~~Y'I1ff1JVl'U,r (R2) ~~'\111~ TSP O'lJ PM ,O lJ1nw~'UViffflm 1'tI91~l'lH'Yli 
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, 

~ QQ'" " cv d.di.ct , 
'illflflTSYi'ill'HU1'Yll,HYfllPl WU1l mllJl'lJlJ'lJ'W'IHl-:J TSP IPllm::IPlUfl1llJ~-:J'Ylfl'flllllJfIl 

'" , , , 
, QI ,.ct cv 0 Q.I QQd Q.I .c:9 Q.I , ,., " 

lllPl fllPll-:Jfl'W tltJ l-:JlJ'W tJ~lfl ty'Yll-:J ~f1 1Pl'Yl 'j ::IPlUfl1llJ I'HJlJ'W 9 5% ~1'W fl1llJ I 'lJlJ'lJ'W 'lJ tl-:J PM 10 IPlllJ 

'j::flUfl1llJ~ -:J~ffmJl YiUll i~iifl1llJlllPlfl~1-:Jti''W'Yll-:J~(l~ lrlm1l~lalJ1h::iY'YllrmHllJ~'W yj (R2) 
'" ,. ,. ,. 

'j::l1ll-:J TSP ti'u PM IO 11-:J 3 'j::flUoM'Wfl1llJ\1-:J i'Wl'lJIPl'jl 'lH'Yll fl~-:Jl'YlYilJl1l'WfI'j YiUll i''Wmn-:Jii 

I 2 <I!.t .c:9 ~ 4 , .J d CV Q.I "CV , d Q,I 0 Q,I d 
fIl R ~-:J~1Pl fltl 0.682 'jtl-:J~-:JlJlfltl'lf'WU'W lJfIl 0.594 9f-:JlJfl1llJ~lJYi'W1ifl'WtltJl-:JlJ'WtJ~lflW'Yl 

'" • u 

Q,I ~c:, I! I -=it 2~.c:9 Q,I d Q,lCVo' I 

'j::IPlUfl1llJl'lftllJ'W 95% ~l'W'lf'Wm-:J lJfIl R IPll'llPl fltl 0.241 lPl-:JfllYi'Yl 4.6 fl1llJ~lJYi'W1i'j::111l-:J 

TSP ll~:: PM
10 

1l~IPl-:JiM'IM'WlllJl'illfllll1ci-:Jl~tJ1ti''Wi'Wfl'jW~ii~1 R2 \1-:J fl'jw~ ~l R2 ~lll~lPl-:Jll 
,.,. 

iilll1ci-:JOlliJlPl'lJtl-:J TSP ll~:: PM 10 lllPlfl~l-:Jti''W i'Wfl'jwui''Wcil-:J Ul'il::iilll1ci-:JOlliJlPl'lJtl-:J TSP lJlfl 

1'lf'WlJl'illfl~'W~'W fll'jritl~~l-:J ff-:JfWiM' fl1llJalJ~'Wyj'j::l1ll-:J TSP ll~:: PM IO ii~l R2 ~l 

iI iI 
fl1llJl'lJlJ'lJ'W'lJtl-:J TSP ll~:: 

, 
_I Q,I ~ I " " .do , .c:9 Q,I 

llU'jHflH'WlPlllJfl1llJ\1-:J fltl'il::YiU1lfl1llJl'lJlJ'lJ'W'lJtl-:J TSP ll~:: PM 10 lJfIl~IPl~-:JllJm::IPlUfl1llJ\1-:J 

l~lJ~'W ll~::YiUllTSP ii~1\1-:J'llPli'W'lf1-:Jl1m 15 .00-21.00 'W. ff1'W PM 10 ii~1\1-:J'l1Pl1'W'lf1-:Jl1m 
, ,,, , 

21.00-00.00 'W. 114tl-:JlJl'illfl i 'W'lf1-:Jl1mfl-:Jflcil1 iifl1llJl~ 1~lJm ~tJi 'W'lf1-:Jl1m,r'W~'hflll'lf1-:J11~1 

~'W 'illflfll 'j Yl 'ill'j \u 1 'il ::YiU llfl1llJl ,rlJ'l~'W 'lJtl-:J ~'W ~:: tltl-:J~1Pl 'j 1'ilYi U 'Yl m:: fl Ufl1llJ ~ -:J II tl 'JHfl H'W . . .. 

, ", " 
"" 11 I 9 Q,I d .c:9 d ~ .c:::I I " " 

mllJl'lJlJ'lJ'W'lJtl-:JH'W~::tltl-:JlPlmlJlPl'j t'W'jtlU1'Wl~WtJ 'lJtl-:JYi'W'Ylfl'fl'l:Jl'W YiU1l fl1llJl'lJlJ'lJ'W'lJtl-:J TSP . 
,"'' "" 

~mlJlPl'jYii''Wcil-:J-i''W flm-:J 1l~::i''W fl~ l-:J-i''WU'W ~1Pl~-:JlPlllJfl1llJ\1-:JlJlflflll PM 10 1 'W'Vjfl'lf1-:Jl1m 
, ,. ,. 

I ct Q.I Q.I I Q.I "Q,I 
1l~::fIlm~tJ'j1lJ'lJtl-:J TSP ll~:: PM 10 ~IPlMlPlllJ'j::IPlUmllJ\1-:J 'illfl'lf'W~l-:J-'lf'WU'W 1Pl1tJtllPl'jl 0.10 

ll~:: 0.03ilJ 1f1'jfl~lJ~tl~flUlflf)IlJIPl'j ~tlfl1llJ~-:J 1 llJlPl'j 'il::1M'Wi~11fllPl'jlfll'j~IPl~-:J'lJtl-:J TSP ii .. .. 
~llJ lflflll PM

IO 
fl-:JlPll'j l-:J~ 4.6 ~ -:Jii H~ll1lj tl'W ti'u fll'j fffllllfll'j m:: 'illtJfi 1'lJtl-:J ~'W ~::tltl-:JlPlllJ 

'j::flUfl1llJ\1-:J1'Wl'lJlPllljtl-:J'lJtl-:J~tl-:Jfl-:J (Chan ll":: Kwok, 2000) ltl'WitllPlllJ'Ylqll~ ~'W'lJ'\.JllPll~fl'il:: 

II 'lJ1'W" tltJtl~i 'W tllfllfl'i ~'W 1'W flll ~'W 'lJ'W llPl i 11~1 dtl-:J 'illfliifl1llJl ~ 11 'W fll'j IPl flfi 1~ 1 (fl'j lJfl1UfllJ 

lJ"Ylll, 2552) yhiM' PM 10 iifllPl'jlfll'j"IPl"-:JlPlllJmllJ\1-:J~lflll TSP 
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, . 

<Ot _I'" _I ,.. ,.. 3 ' , 
~11H'YI 4.6 m'HlJ"tlhlLLlJ"~t111lJl'\JlJ'\JhI'\Jfl~ TSP LLm~ PM IO (Jlg/m) ~flt111lJ~~ 1 llJ~'.i hi 

" " , 
'.ifllJlh1m~tI '.i::,.dl~lh1~ 18-21 nlJfl1~hli YUl'. 255IlJ~nW~hI~ffm111'\J~'.il'lfl'Yli 

09.00-15.00 U. 

15.00-21.00 U. 

21.00-03 .00 U. 

03 .00-09.00 U . 

.. , 

.. .. 
u, u 
'IIUi.n~-'IIUmn~ 

TSP 

-0.13 -0.06 

-0.14 0.00 

-0.11 -0.10 

-0.10 -0.03 

-0.10 -0.05 

• 

TSP 
, . .. 

-0.01 

-0.13 

-0.18 

-0.04 

-0.09 

0.07 

-0.04 

-0.10 

-0.01 

-0.02 

.. .. u , u 
'IIU"l~-'IIU'UU 

TSP 

-0.06 0.02 

-0.13 -0.02 

-0.12 -0.10 

-0.07 -0.02 

-0.10 -0.03 

4. ct4 0 4 Q.J' Q.J .q " I 
4.1.1.3 'YfU'YIfI n'YltllUltll'lJtl~ \l~'t11V11'ti£ .. U't1'lJ 

~"m'.i~'.il\11" ~hI"::flfl~ '.i::'I1 ':h~1h1~ 25 -28 nlJfl1~hli YU1. 2551 'hlLL9l":: . . 
" " , t " 
ihlt111lJ~~'\Jfl~~hI~ffmn ihlflfll;jfl~ ~~'I11~1;tI~'mj 'WlJ ';h t111lJl'li'lJ'IJ'hI'\Jfl~ TSP m~tI ihl 

" . 
nm~ ij~l~~~~ fifl 108.4±19.0 'lJ lt1'.if)1lJ9lfl~nlJlffnllJ~'.i LL":: ihllJhI ij~wh~" fifl 92.6±27.6 

." . 
1lJ lmn1lJ9lfl~nlJlffnllJ~'.i t1111Jl'li'lJ'li'hI'\Jfl~ PM,o m~tI 'WlJ'h ihlnm~ ij~lm~tI~~~~ fifl 

" " . 
llO.3±33.1 1lJ lmn1lJ9lfl"n1J1ffnllJ~'.i l'lihll~tllnlJ TSP rilh1ihlriNLL":: ihllJhI ij~lm~tI .. . 

"'I ... 

llJfl'W\ll'.iWl 
. " 

t111lJl'li'lJ'li'hI'\Jfl~ TSP 'hI'.ifllJlh1m~tI 'WlJ ':h ihln"l~ ij~l~~~~ fiflI18 .2±31.4ilJlmn1lJ9lfl 
" . 

~nlJlffnllJ~'.i 'hI'lil~n"l 09.00-15.00 hi. LL":: ihllJhI ij~l~l~~ fifl 76.5±9.2ilJlmn1lJ9lfl 
. " 

~n1J1ffnllJ~'.i 'hI'lil~nm 15.00-22.00 hi. t111lJl'li'lJ'li'hI'\Jfl~ PM,o 'hI'.ifllJlh1m~tI 'WlJl1 ihln"l~ 
" ij~l~~~~ fifl 120.7±38.oilJ lmn1lJ9lfl~n1J1ffnllJ~'.i 'hI'lil~nm 09.00-12.00 hi . LL":: ihlril~ ij 

~1~1~" fifl 62.9±0.8 'lJlmn1lJ9lfl~nlJlffnllJm 'hI'lil~nm 15.00-18.00 hi. '.ilt1"::lfltl"ij 

" ~~9lflitlij 

1 a ...,,.. ,.. '" , 
mt11'.i\lfl"HI HLL'.ilJl9fhl'YI1'.i1 ~1~~::1h1 'WlJl1 t111lJl'\JlJ'\JhI'\Jfl~ TSP lJt11 65.4-136.8 

ilJ lmn1lJ9lfl"nlJlffnllJ~'.i ij~lm~tI 101.1±21.6 ilJ lmn1lJ9lfl"n1J1ffnllJ~'.i lm::t111lJl'li'lJ'li'hI .. .. 
'\JfJ~ PM,o ij~l 52.4-149.8 ilJ lmn1lJ9lfl~nlJlffnllJm ij~lm~tI 92.0±29.4 ilJ lmn1lJ9lfl 
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~·mf)1~fl~"Hrjfl HtHl::UU.:li'U~UUltHll~tJ V.U11 TSP m~tJ ihhff.:l'iV" 109.4±35.7 . .. ., 
'lJ lmni'lJ,ju'Jnu1fftlllJfl'j i'U'lil.:ll1~l 09.00-15.00 'U. ll~dhh~l~" 91.2±8.1 ilJ lmni'lJ,ju 

'JnU1fftlllJfl~ i'U'lil.:ll1m 15.00-21.00 'U. (m~l.:l~ 4.8, .tllv.~ 4.7) ~h'U PM 10 m~tJ iifh\1.:l~" 

113.0±40.1 ilJlmni'lJ,jU'JnU1fftlllJfl~ i'U'lil.:ll1m 21.00-00.00 'U.ll~::iifh~l~" 62.9±0.8 

'lJ lmni'lJ,jU~nU1fftlllJm i'U'lil.:ll1m 15.00-18.00 'U. (fl1~1.:l~ 4.8, .tllv.~ 4.8) .. 
.. ... 

2) ')f'Un~l.:l 

f.I~f)1~fln~l" ~'U~::UU.:l ~::'\111.:l1'U~ 25-28 f)lJ.tlli'Un V..ff. 2551 U~l1W"l"Vh 
h.:lll~lJ6lJv;l~tJ~Ulj'h V.U11 fll1lJlcUmj''U'UU.:l TSP ii~l 85.7-152.3 ilJ lmni'lJ,jU'JnU1fftlllJfl~ 
dl.d i"l Q.I' tI "" .cS' 
lJfl1m~tJ 108.4±19.0 lJ ImmlJflU'JnU1ffmlJfl~ 1l~::fll1lJl'UlJ'U'U'UU.:l PM 10 lJfl1 64.8-160.9 

'lJ lmni'lJ,jU'JnU1fftlllJfl'j ii~lm~tJ 1 06.3±27.1 ilJ lflmi'lJ,jU'JnU1fftlllJfl~ fi'.:lfln1.:l~ 4.7 

f.I~f)l~fln~l" ~'U~::uU.:li'UH)ul'Um~tJ V.U11 TSP ii~l\1.:l~" 118.2±31.4 

ilJ lflmi'lJ,jU'JnU1fftlllJfl'j i'U'lil.:ll1m 09.00-15.00 'U. ll~::iirh~l~" 97.4±11.3 ilJ lmni'lJ,ju 

'JnU1fftlllJm i'U'lil.:ll1m 03 .00-09.00 'U. (flnH~ 4.8, mv.~ 4.7) ~h'U PM 10 ii~l\1.:l~" 

120.7±38.0 'lJlmni'lJ,jU'JnU1fftlllJm i'U'lil.:ln~l 09.00-12.00 'U. ll~::iifi1~l~" 87.8±32.6 

ilJ lmni'lJ,jU~nU1fftlllJm l'U'lil.:ll1m 15.00-18.00 'U. (fln1.:l~ 4.8, .tllv.~ 4.8) .. 
.. ... 

3) ')f'UU'U 

h.:lll~lJl~'U'Yl1~l "l.:lfl::l'U V.U11 fll1lJlcUlJcU'U'UU.:l TSP ii~l 61.9-133.8 ilJ lflmi'lJ,jU'JnU1fftl 

llJfl~ ii~lm~tJ 86.8±19.8 ilJ lfl~ni'lJ,jU'JnU1fftlllJfl~ 1l~::fll1lJlcUlJcU'\.J'\JU.:l PM 10 iiri149.4-154.4 

ilJ lfl~ni'lJ,jU'JnU1fftlllJfl~ ii~lm~tJ 89.8±28.8 ilJ lmni'lJ,jU'JnU1fftlllJfl~ fi'.:lfl1'j1.:l~ 4.7 

f.I~f)1~fl~l~l" ~'U~::uU.:ll'UH)ul'Um~tJ V.U11 TSP m~tJ ii~l\1.:l~" 102.4±32.4 

'lJ 1m ni'lJ,ju'JnU1fftlllJfl'j l'U'lil.:ll1~l 09.00-15.00 'U . U~::ii~l~l~" 76.5±9.2 ilJ lmni'lJ,ju 

'JnU1fftlllJm l'U'lil.:ll1m 15.00-21.00 'U. (m'j1.:l~ 4.8, mv.~ 4.7) ril'U PM IO m~tJ ii~l\1.:l~" 

116.1±46.4 ilJ lmni'lJ,jU'JnU1fftlllJfl~ l'U'lil.:ll1~l 09.00-12.00 'U. ll~::ii~l~l~" 69.0±12.4 

'lJ lmni'lJ,ju~nU1fftlllJfl~ l'U'lil.:ll1m 18.00-21.00 'U. (fl1'j1.:l~ 4.8, .tllv.~ 4.8) .. 
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Vll'lH~ 4.7 fil~l~~-'Q;,:j~~ 1LCl~fhl\l~Ufl111Jl.ulJ.u'U'\Jfl,:j TSP 1LCl~PMIO <1lJ lmfli'lJ~fl 
. " . 

Clfl'Ulft'nllJm) ~~'I111,:jl'U-Yi 25-28 fllJfl1~'U,r 'Vi.ft'. 2551 'U~l1W~'U-Yiffmn ihl.flfl 
~ . 

TSP (lll1f1".iO-rllfi8\'jO'Ulft~nm'l) (l1'" , .. . PM.o II fl".i01l1f18\'jO'UlftOlllfl".i) ... .. .. 
fiUYlft OOWl . . . . 

, 0 , .. , 0 , .. 
fI1f1l'lfl-\l~'lfl fI111UUJ ±SD f1lm'lfl-\l~'lfl f1l1DilfJ ±SD 

" Wrll~ 65.4-136.8 1Ol.I±21.6 
a 

52.4-149.8 92.0:1:29.4 a 

" ... 
wmm 85.7-152.3 108.4±19.0 a 64.8-160.9 106.3±27.1 a 

" 86.8±19.8
b 

W'IJ'U 61.9- 133.8 49.4-154.4 89.8±28.8 • 

a"b • ",,,.J .! 44 , ..., d... • ... .... .... d .. 
'\1lJl!J1'\191: fltlfl11lJl'IIlJ'IIlJUltw'llfH TSP 1m:: PM,. 1::'\11WWllfl11lJ~nllJfl1l191n9l1~nlltl(JHlJlI(Jn"lflf!ll1H1Hl91m::flUfl111J 

'" ~ l'VtllJlI 95% 

Vll'lH~ 4.8 f111lJl.ulJ.u'U'\Jfl,:j TSP UCl~PMIO i'U~fl'Ul'U1\l~U <1lJ lmfli'lJ~fl~fl'U1ft'nllJ~~) ~~'I111,:j 
. " . 

l'U-Yi 25-28 fllJ.fl1~'U,r 'Vi.fl. 2551 'U~l1\lrri'U-Yiffmn fll1.flmijfl,:j ~,:j'l11~1;U,:ji'l11j 

. ... ... ,.,.. (l 1 ." , 
mllll"lI"U"8~ TSP UntJ1U1DilfJ II fl".i01l1f18\'jO'UlftOlllfl'l) 

.. .. .. ., , ., ., 
nill 'VUilH 'VUOill~ 'VU'UU 

09.00-15.00 'U. 109.4±28.4 118.2%31.4 102.4%32.4 

15.00-21.00 'U . 91 .2%8.1 108.3±9.6 76.5±9.2 

21.00-03.00 'U . 101.9±35.7 109.8±17.6 80.8±17.5 

03.00-09.00 'U . 98.7±1.8 97.4±11.3 84.0±5.5 . ... ... ,.,.. (l 1 ." , 
mllll"lI"U"8~ PM.o U18'U1U1DilfJ II f1'101l1f18\lO'UlftOlllfl1) .. .. .. ., , ., ., 

nill 'VUill~ 'VUOilH 'VU'UU 

06.00-09.00 'U. 103.9±9.2 107.3±10.0 99.7±12.4 

09.00-12.00 'U. 111 .7%37.8 120.7%38.0 116.I±46.4 

12.00-15.00 'U . 76.3%32.7 107.8±45.8 86.0%37.5 

15.00-18.00 'U. 62.9±0.8 87.8%32.6 70.8%2.9 

18.00-21.00 'U. 86.1%30.0 106.0±35.6 69.0±14.6 

21.00-00.00 'U. 113.0±40.1 120.2%23.9 94.1±29.8 

00.00-03.00 'U. 89.6±35.7 105.3±12.3 97.0%39.0 

03.00-06.00 'U. 83.2±16.8 88.9±22.8 79.0±16.0 
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135.0 
150.0 -.......iwrh.a 
145.0 ---- i'14nal..a 
140.0 -.- i' .... 'U1-I 
135.0 
130. 0 

'f 
125.0 
120.0 
1.5.0 
110.0 
105.0 
100.0 
95.0 
90.0 
85.0 
80.0 
75.0 
70.0 
65.0 
60.0 
55.0 

09.09-15.00 15.00-21.00 l~al 21 .00-&3.00 03.00-09.00 

fIl'rt~ 4.7 fl11lJtoU'mi',.,I'Ut)-:j TSP hI'H)U1'\.H\1~fJ ('lJ 1fl'Hli'lJ~mlfl1J1fYf)tlJ~)) )::ldl-:j1'\.J~ 25-.. .. . 
28 fJlJmi'\.J£ fUr. 2551 u~nW~'\.Jnffm:l1 flltmHijt)-:j ~-:j'l11~t;fJ-:j 1'I-nj 

170.0 
165.0 
160.0 
15S. 0 
150. 0 
145. 0 
140.0 

135.0 ~=============t=========t==================~========t=======~t=============~ 130. 0 -I 
125.0 

120.0 ~==~====::~;:;S~::===t========~========j=====~~~:=::====t=============j 
iii:g -l-'===3~F·:::::-=:::~===t~~·~·~s·~-~-~~t~:;;;::==t==7;;::::;::~=------~72::::./~t'-.......~~~-~··'t:;:-:::;'-~-~--~.-=-±- =- '-=-~ 
1~:g 1 ..; ~~, _ _ '",_, ~ ./" _ " ' ~ " '~ -'... 
90.0 -I:==:j=========t====~~st:;====~~~=====;~====;L~f:========t=~~~~~==1 85.0 -I 

80.0 ~========±====="'=' ~" ~:s:;:~::::'- ot=;:z-==/=±Z:::7==~~====::I=====~=' f=' ===:j 75.0 + 
~~:g ---.........,/ 
60.0 i=======================~========:t========j:==================t=============1 55.0 -I .-
50.0 
45.0 " f-- ---.. ---

40. 0 i=========~========~========~======~========~========~========~========j 35.0 ~ 
I'lID'" 

06.06-09.00 09.00- 12.00 12.00- 15.00 1~ .Uo-I8.00 18.00- 21.00 21 .00--00.00 00.00--03.00 03.00-06.00 

fIl'rt~ 4.8 fl11lJtoU'lJoU''\.J'Ut)-:j PM ,O 1'\.J)t)u1'\.Jm~fJ ('lJ 1fl)fli'lJ~fl~fl1J1fYf)tlJ~)) )::'I111-:j1'\.J~ 25-... 
28 fJlJmi'\.J£ fUr. 2551U~nW~'\.Jnffmn fllt11fltijfl-:j ~-:j111f)t;fJ-:jlmj 

180.0 ----,--,-------- ----- - - - -------------,--------- -------- ~ ~ --------

h'\J'N RI - 0 .4368 
'60.0 +- -- ,---.,'--. 

iWnDHI Itl - 0.108 

.40.0 - ..- . ~ --

iwDH RI - 0 .804H 

"' "..-.; .. . 
110.0 + ---------- -------- --- - - ,------,- j ' '-'-7--"-~--.:~ -.-----,- - -

~ ./ _ ... -->:.:: 
'00.0 -\-------------- .. .", ..... >_" - ,--,----- ---.. ~---____< 

,--~~~~~-
6a O + ____________ ~A~~~~~~.~-~--------------------~ 
80.0 .-1--------------- _. -- -_... -

40.0 + --- ----------------------------- - ----- • i,uh~ 

20. 0 -\-____ _ __________ ________ , _ ________ ______________ • i'l,AnQH 

~ iu'UU 

0 ,0 

0,0 20.0 40. 0 ...... 0 NO.O 100.0 120. 0 140.0 16 0 .0 180. 0 

• ~ ", 1 

fIl'rtn 4.9 fllfflJ'lh::ff'YInffmllJi'\.J£ (R2) 'i::1111-:j TSP tlU PM IO u~nW~'\.JnffmJ1 flltfHnijfl-:j 

~-:j111f)t;v-:jlmj 
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.,j ... i'j/ I 'j/ 'j/ 

llHlYHll'HU lU 'Wl 'WlJ'tIV.:Jfl1f11llJl'tllJ'tI'W'tIV.:J 

utl'H.jm~''Wti'UfllllJ~.:J flVijfllllJl,rlJ,r'W'WI".:J~llJ'j~~'UfllllJ~.:J uti PM 10 utI'jH'WmlJfllllJ~.:J flV 

'" 'j/ 'j/.l '" 'I 1 I 0 i 'j/ ~I ~ ... 'I 
lJfllllJl'tllJ'tI'W"'.:J'tI'W~llJ'j~fI'UfllllJ"'.:J m~f'm L'Wm'j lJ'W1U'Wl 'WlJ'tIV.:JH'W"~VV.:J'YI.:J"'V.:J'lf'WfI L'U 

cu cu • ct 

)I, " ,.. 

i''Wtl''1.:JlJ1Yi~1'jWl li1V.:Jm~ltl'U~l1W ~fll~milmh.:Ji''Utl''l.:J ~.:Jv~l m\'tlriv.:J'j~'U1V 111 1 ,r~'jl~ 
"".!I I ~ ~ d 1 ' ~ o.q ~ i 'j/ I 

~'UfllllJl'tllJ'tI'U'tIV.:J~'U"~VV.:J~.:Jtlll'lf'UV'U'l~.:J lJmlJl~ L'Um'j'Ul1J11lml~ml'Ul 'UlJ'j~l11l.:J 

mllJl,rlJ,r'U 'tIV.:J H'U"~ V V.:J~llJ 'j ~~ 'UfllllJ"'.:J . ~ 

. )/ 

~ltlm'jYi~l'jWl'Yll.:J"'O~ ~'U'h fllllJl,rlJ,r'U'tIV.:J TSP ~llJ'j~~'UfllllJ"'.:Jliffmn i''U'U'U 
~ 

)/)/ . 
d I • QI QI' Q,I I d Q,I 0 QI ~.c::to d. QI ~ OJ , 

lJmU~tl~l.:Jtl'U'lf'U "1.:J lm~'lf'U tl" 1.:JVV1.:JlJ'U V"'lfl\u'YIH"'f)~'YI'j ~fI'UfllllJl'lfVlJ'U 95% "'l'UfllllJ .. 
l,rlJ,r'U'tIV.:J PM 10 ~llJ'j~~'UfllllJ~.:J~ffmn ~'U'h 1liijfllllJU~tltil.:Jti'U'YIl.:J"'O~ u"'fI.:Jl,rn1'U'h 

fllllJl,rlJ,r'U'tIV.:J PM 10 ",m.:J~llJ'j~~'UfllllJ~.:J 'limtl 'fl'U TSP "fI".:JmlJ'j~~'UfllllJ~ .:Jmtl~'U 

U"'''.:JfllllJU~tltil.:J'YI1.:J'''O~ lrlVl1lfilfflJtI'j~iY'YI;"'l1fflJ~'U; (R2) 'j~l11l.:J TSP ti'U PM 10 mlJ 
)/ )/ 

'j~~'UfllllJ"'.:J l'Ut1llflmljV.:J ,).:Jl1'1f1l:)fv.:Jll1li ~'Ull i''Wtlm.:Jijfil R2 "'.:J"'fI flV 0.839 u,,~i''U'U'U 
~ ~ . 

, , , "" 
ijfil R2~1~" flV 0.795 ~.:Jm~li 4.9lljVYi~1'jWlfilmllJfflJ~'U; ~~n1'U'~':h 'ti.:J"'llJ'j~~'Ui''Uij 

CV Q,I tI , 'dcv 0 Q,I.d cv .dt c:., 2 
fllllJ"'lJ~'U1i'j~l11l.:J TSP lm~ PM 10 ~.:J VVHlJ'UV"'lflty'YI'j~fI'UfllllJl'lfVlJ'W 95% (R > 0.8) 

)/ 

U"'''.:J'.h TSP lm~PMIO l'UUti"~i''UfllllJ~.:JlJl~ltlUl1ri.:Jtillijfll~Vlti'U (Duan lm~flW~, 2005) 

lrlvYi~1'jWlm'jltl~v'UutI".:Jfll1lJl,rlJ,r'U'tIV.:J TSP lm~PMlo tiVfllllJ~.:J 1 llJ~'j U,,~ 
, ", " 

fll1lJl,rlJ,r'U'tIV.:J~'U "~VV.:JtiVllJ~'j 1 'U 'j V'U1'Ul'Il ~v 'tIv.:J~'Uliffmnij ~'Ull fllllJl,rlJ,r'U'tIV.:J PM 10 

, ~~ 1 ~ d t ~ J 1 

~VllJm 'YI'lf'U" H-'lf'U tlm.:JlJfl1l~lJ'tI'U mlJfll1lJ"l .:JlJ1tltlll TSP l'U l'J mil.:J nm u,,~ 1 'W 
)/ )/ 

, cv cv " " 'd' I 
'lfl.:Jfl1llJ"l.:J'lf'Utlm.:J-'lf'U'U'U fllllJl'tllJ'tI'U'tIV.:J TSP ~mlJ~'j lJm"fI".:J~llJfllllJ~.:JlJ1tlt11l PM IO . )/ )/ 

l'Wl'Jtl,fl.:Jl1m U,,~fiml~V'J1lJ'tIV.:J TSP U,,~ PM IO "~".:J~llJ'j~~'UfllllJ~.:J~ltli''Uril.:J-i''U'U'U 

~lVfl~'jl 0.13 U,,~ 0.01 1lJ imtli'lJti{J"tl'U1flnllJ~'j tiVfllllJ"'.:J IllJ~'j ~.:J~1'Jl.:J~ 4.9 u"'fI.:Jl,r 
~ ~ 

d , " ".c:tQl QI ~ I .&.d .a QI 

m'Ull fllllJl'tllJ'tI'U'tIV.:J PM IO lJVmlm'j""".:J~llJ'j~"'UfllllJ~.:J ~ltlll TSP C)$.:JlJf'mmlJv'Wtl'U 

tl1'Jffmnm'j m~ ~lV~l't1 V.:J H'U "~VV.:J ~1lJ'j ~~'UfllllJ"'.:J 1 'Ul'tlmlj{J.:J'tIv.:J ~V.:J tl.:J (Chan U,,~ . ~ 

Kwok, 2000) l~V.:J~ltlTJW"'lJ,j'~mm'tll'U"vvv~l'U'U'j'jVlmfl'tl{J.:J PM IO ij~.:Jt1':h TSP (mlJ 

m'UTJlJlJ"Yi1:l, 2552) 
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~ tl~ tl " " 3 ' , fll'lN'YI 4.9 f)1'B (ltI'lH1 (I~fl11lJl'\JlJ'\J'lJ'\Jfl~ TSP 11(1:; PM 10 (Ilg/m) Vlflfl11lJ\1~ 1 IlJVl'j 'lJ 

Q,I.d 'eLI d Q,I 0' ~ ~ d~ 0 4 

'jflU1'lJ1Q(lti 'j:;'\111~1'lJ'Yl 25-28 f)lJfll'Vi'lJ1i 'Vi.ff. 2551 U'jl1OJ'Vi'lJ'Ylffmn tnlflfl1lJfl~ • 

.. .. .. .. .. .. ... , ... ... ... ... , .... 
'IrU"VI-Yl.!mn:J 'Ill.! O"H-'IIl.!'Ul.! 'Ill.!" ,.:1 -'Ill.! 'U l.! 

11'" TSP PM.o TSP PM.o TSP PM.o 
" 

09.00-15.00 tJ. 0.22 0.51 -0.23 -0:19 -0.06 0.06 

15.00-21.00 tJ . 0.43 0.69 -0.46 -0.42 -0.13 -0.02 

21.00-03 .00 tJ . 0.20 0.29 -0.41 -0.25 -0.19 -0.05 

03.00-09.00 tJ . -0.03 0.11 -0.19 -0.13 -0.13 -0.04 

I .l 
fl1l~HW 0.18 0.37 -0.31 -0.23 -0.13 -0.01 

. ., . 
1 ~ flffmJ1f)1 'j f) 'j:; ~ 1 tI~ 1'\J fl~ ~'lJ (I:; fl fl~ Vl1lJ 'j:; ~Ufl11lJ ff ~ 'Vi U 11 ~'lJ Yi fffl'l',ll I'\JVl 'j l'lH 'Yli . ~ 

f)Hl 'Yl'VilJ'\11'lJ m ri 1 TSP 11 fffl~fl11lJffm11.J1r nUfl11lJ ff ~1IUU1I tl'jHf)~'lJ fld1~ii,:r tI~lfi'UI~ 'j :;~U 
• ~ u . . ., 

m1lJl~m:rlJ 99% ri1lJ PM 10 iim1lJffm1'lJ£nUfl11lJ\1~fld1~ '~ii,:rtl~lfi'ty ;!fl li~ TSP U(I:; PM IO . . 
, od Q,I.o£t "" ~I .d 4 iJ "" ~:; (lfl (I~ m lJfl11lJ ff ~ 1 'lflJ lfl tl1f)U f)1'j fff)1Jlfl11lJ l'U lJ 'U 'lJ 'U fl~ HlJ (I:; fl fl~ 'YlllJ fl~ f) m (Chan 11(1:; 

~ . 
" " I d.... 1 .cS q'l ~ d...:i 0 .a 

m\!:;, 2005) U(I:;'YlllJfl~ fl9f1f)1 ty ~'lJ (Sasaki U(I:;Sakamoto, 2005) 'Vi'lJ'Ylfff)1Jl fl11flflllJfl~ 
., 

~~'\11fll;tI~i'\1~ li~ TSP 11(1:; PM IO iifl11lJffm1'lJ£nUfl11lJ\1~1Iuumh~.If)~'lJn'lJ fldl~'~ii 

,:rtl~lfi'UI ;! fl lrl fliifl11lJ ff ~ l~lJ ~'lJ ~ :;'ViU ~'lJ (I:;flfl~(lfl (I~ lW:;'ViU 11~'lJ ~ffmn ~ ~'\11fll ;tI~ i '\1 ~ 
u ~ • 

.at cv Q.I fI, Q,I .,.r::t cv .oJ I 0 ~ 
~:;lJmfl11lJfflJ'Vi'lJ1i'j:;'\111~ TSP f)Ufl11lJ\1~ \1~f)11 PM IO 1'lf'Ulfltl1f)Uf)1~1'Y1'Vic!J 9f~1I'\1(1~f)11'lJfl . .,. 
mrf)'Ufl~ TSP 1 i1'lJ 11 m1~fi11 U flYi flQi 'lJ~'lJYi .. h i M''ViUfl11lJ1,j'lJ'\~'U'lJfl~ TSP (lfl (I~Vl1lJ'j :;~Ufl11lJ 

., . 
\1 ~ ri1'lJ PM 10 ff1lJl'j fllJl~lmm ci~fi11U fl , 'lJ~'lJYi 1m:; 1m ci ~ fi11U fl 'il1m:; tI:;' f)(I'~ th:; f)flUnU 

i I, , " I 'i " I " " fl11lJffllJl'jfl 'Uf)1'j11'U1'lJ(lfltlfl~ 'lJUntl1f)1ff fl'U1'lJf111 TSP ff~Yl(l '\1mfl11lJl'\JlJ'U'lJ'Ufl~ PM IO 

CV Q,I d' • d Q.I 0 Q,I Q,I 

mllJ fflJ'Vi 'lJ 1i fl tl1~lJ 'lJ tlfflfl Ulf)Ufl11lJ ff ~ 
u .. ., . 

~ ~~ 4 d. Q.I Q.I ," " 

'ill f)f)1'j 'Vi 'il1'j OJ 1'Yl1~ ffflVl 'Yl f)'Vi 'lJ 'YlVl 'j1~lfl Vl1lJ'j:; fl Ufl11lJ ff ~ 'Vi U 11 fl11lJl 'UlJ'U 'U 'Ufl~ . ~ 

95% ri1'lJfl11lJ1,j'lJ,j''U'lJfl~ PM IO mlJ'j:;~Ufl11lJ\1~ 'ViU1l '~iifl11lJ1IVlf)~1~n'lJ'YlNff()~ 

1~ fl~lJl 'illf)fl til fflJ-u~i 'U f)1'j11'\J1'lJ(lfltlflQi 'U U'j 'j tl1f)1ff'Ufl~ PM 10 iiri llJlf)f)ll TSP ":h i M'i 'U 'j:;~U 
.1 i '" I' ".:9 " " ~ ~, I I m1lJ\1~'U'U Utl~fl~U'U1'U(lfltlfl~ fl 'il~'ViUmllJl'UlJ'U'lJ'Ufl~ PM 10 i'U'lf'lJf)m~IW:;'lf'lJU'lJ lJUVlf)fl1~ 

., 
~lf)i'Ucil~ 
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o 0 .. 

lij~Yi~1'H\J1f11'Htl~tJ'UUtlCl-:Jfl11lJlcU'lJcU''U'IJ~-:J TSP UCl~ PM 10 9i~fl11lJ'l-:J 1 IlJ~'j ll-:J 
JI , )I , I I 

3 l1'U-YlfftllJ1 vnrh l1'U-YlffmntlHIll'WlJ'I11'Um UCl~ l:)ftJ-:Jhni ~fhm~tJ'lJV-:Jf11'jltl~tJ'UUtlCl-:J • 
yyo y", 11 ",0 .. 

fl11lJl'lJlJ'IJ'U~mlJ~'j'IJ~-:J PM.o Cl~Cl-:J~llJfl11lJ'l-:J~1tJ~~'j1 0 .03 uCl~O.OI lJ mmlJ~~'Jtl1Jlfl'tl 

IlJ~'j 9imlJ~'j ~llJih~U ri1'U TSP Cl~Cl-:J~llJfl11lJff-:J~1tJV~'j1 0.10 uCl~0.13 'lJ1mtlflJ9i~ .. 
rI, OQ,l,ck d,"'Q,J d',., I .Jd 

'Jtl1Jlfl'tl!lJ~'j ~mlJm ~llJCll~U 9f-:J~~!'I1'U ~11 ~~'j1f11'jCl~Cl-:J'IJ~-:J PM IO lJm'U~tJtl11 TSP 9f-:JlJ 

HCl!'l1 ij ~'U nu f11 'j fftllJ 1f11 'j m ~ ~ 1tJ1Pl1'IJ ~-:J ~'U Cl~~~-:JmlJ'j ~~Ufl11lJff -:J 1 'U 1'IJ~lij~-:J 'IJ~-:J ~~-:J tl-:J . .. 
(Chan UCl~ Kwok, 2000) 1~~-:J1Jl~ltlflWfflJiJ~f11'j1l'IJ1'UCltW~';1'U~1f11f1''IJ~-:J~'UCl~~~-:J'IJ'U1~I~tl . ~. .. ... 
~~U'lJ1'UCl~tJ1~'U1'Utl';il~'U'IJ'U1~1mti (mlJfl1UfllJlJClYilJ, 2552) 11Cl~1l-:J 2l1'U-YlfftllJliJ-:J'Wu~tl'h 

• u • 

4.1.2 Hmh'U'l~'I11H~'lH1~BB~'U'U1~'"hn'U 10 ''lJlfl'lI'lJVI'l Utl:: ~'Utl::BM'll'lJ (PM./fSP) 

1'U'lt),U1'UIU~U 
.. 

Q,I ,., ,., Q.I Q,I ~ Q.I 

~ltlHClf11'jm1~1~fl11lJl'lJlJ'IJ'U'IJ~~ TSP UCl:: PM.o mm~~Ufl11lJ'l~ 3 'j::~UfI~ 'If'U 

" JI " , 

ciH i'UtlClH UCl~i'Uu'U 1'U 3 l1'U-YlfftllJ1;;~ ti11f)~l'll~hH-Y ~~'I11~ff~'lJCllI'IJ~'j1'lfI'Y\i 

tl1~1'Y\'WlJ'I11'Um UCl~ ti11f)mij~~ ~~'I11~I;tJ~1mj Ul1Jl'l11fha~ri1'U'IJ~~ PM1/fSP 1~tJu1fh 

fl111J!cU'lJcU''U'IJ~~ PM.o m~tJ'j1tJ 6 i'11m 'I11'jnUfl11lJlcU'lJcU''U'IJ~~ TSP 'j1tJ 6 i'11m1'U'lh~I1Cll 

l~tJ1n'U uCl::'I11fhm~tJ1'U'j~Ul'U ~~a~ri1'U'IJ~~ PM./fSP ~::I~'U1Pl1U~tlV~'j1ri1'U'IJ~~ PM.o ~ .. 
'WU 1 'U TSP 'j1tJCl::I~tJ~ii~~9i~' tlii 

.. . 
~ Q.t::I 0 l' OJ OJ 

4.1.2.1 ..... 'Unf1n1l1B1I.flB'Hl~ 'HfY "~'Hl~rn'Utll 

o 

HClf11'jrl1'U1Wa~ri1'U'IJ~~ PM./fSP 'j::'I1-h~l'U-Yl 17-20 1l'U11fllJ 'W.fI'. 2550 
.. .. 0 

1 'Uu9iCl::i'Ufl11lJ1:! ~'IJ~~l1'U-YlfftllJl ti11f)~'111~ 1 my ~~'I11~ff -:J'lJCll 'Wu'h a~ri1'U'IJ~~ PM./fSP 
I ", ", I d Q,I dl d.!t Q,I.:II do 4 Q,I I 

mCltJ 'If'UtlCll~ lJmmCltJff~ff~ fI~ 1.18±0.25 UCl::'lf'UU'U lJmmCltJmff~ fW 0.95±0.18 ff~ff1'U .. . . 
0" 0 

'IJ~~PM./fSP 1'U'j~ul'Um~tJ 'WUil i'UtlCll~ ~rllm~tJ'l~"l~ 1.23±0.11 1'U'lf1-:JI1Cll 03.00-09.00 
" 1 1 JI 

'U. UCl:: i'Uu'U ~rlml~tJ~l"l~ 0.90±0.17 1'U'lf1~I1Cll21.00-03.00 'U . 'jltJCl~I~tJ~~~~9i~'tlii 

o Q.I I I Q,I d CLI CIt. 

HClf11'jm'U1Wff~ff1'U'IJ~~ PM./fSP 'j::'I111~1'U'Y\ 17-20 ti'U11fllJ 'W.fI'. 2550 U'jI1W 
.. 

~l~.yhi'U 8 h~II'jlJ1'U111'Y\CllcU'U'Y\1'jl 'I11~1m-y 'WUil a~ri1'U'IJ~~ PM./fspiirl1 0.65-1.23 ii 

rlllll~tJ 0.97±0.20 ~~m'jl~~ 4.10 a~ri1'U'IJ~~ PM./fSP 1'U'j~ul'Um~tJ iirll1:!~"l~ 1.06±0.24 
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hJ'lh.:Jl1Cll 15.00-21.00 'U. UCl:;iifil~l~~ 0.92±0.28 l'U'l11.:Jl1Cll 09.00-15.00 'U. (~l';il.:J~ 4.11, . 
m'Vl-¥l4.10) 

" ... 
2) 'If'Uf)Cll.:J 

o QlI IQ,ld CV Cl 

HClf)1';ifl1'Ul\lHY~ffl'U'Ufl.:J PM1/fSP ';i:;1111.:Jl'U'Yl 17-20 Ti'Ullf1lJ 'Vl.ff. 2550 tJ';il1W 
" . 

~l~.yhi''U 13 l';j.:jmlJ~f)1{l~'U" 'VlCllttfl 'VltJ 'h ffftffl'U'Ufl.:J PM1/fSP iifil 0.84-1.76 iifil1~~tJ 

1.18±0.25 ffftffl'U'Ufl.:J PM1/fSP l'U';ifltJ1'Um~tJ iifil~.:J~ft 1.23±0.11 l'U 'l11.:Jl1Cl 1 03.00-09.00 

'U.lm:;iifil~l~~ 1.14±0.19 l'U'l11~l1Cll 09.00-15.00 'U. (~l';il.:J~ 4.11, m'Vl~ 4.10) 

" ... 
3) 'If'UtJ'U 

. 
o Q,lI IQ,ld QJ Cl 

HClf)1';ifl1'U1Wffftffl'U'Ufl.:J PM1/fSP ';i:;1111~1'U'Yl 17-20 Ti'Ullf1lJ 'Vl.ff. 2550 tJ';il1W 
" . 

~lft.yhi''U 34 h~mlJ~f)1{l~'U" 'VlCllttfl 'VltJ 'h ffftffl'U'Ufl.:J PM1/fSP iifil 0.75-1.40 iifilm~tJ 

0.95±O.l8 fl.:J~l';iH~ 4.10 ff~ril'U'Ufl~ PM1/fSP l'U';ifltJ1'Um~tJ iifiT'l~~~ 1.03±O.331'U'l11.:Jl1Cll 

03.00-09.00 'U. lm:;iifil~l~~ 0.90±0.17 l'U'l11.:J11Cl1 21.00-03.00 'U. (~l';il~~ 4.11, m'Vl~ 4.10) 

" I I .q lot d I QJ d Q,I 

9l1'lH'n 4.10 fl1m~~-"l~~~ lm:;fl1m'W'Ufl~ PM1/fSP ';i:;1111~1'U'Yl 17-20 Ti'Ullf1lJ 'Vl.ff. 2550 
" . 

tJ~l1wVi'U-¥lffmn th.f)fl111~ lm1i ~.:J111~ff.:J'UCll 

... 
"" <0"" ffUYlftOlll . 

, <0 

f1111Hltl :l:SD 

0.65-1.23 0.97:1:0.20 • 

" wmn:J 0.84-1.76 1.18:1:0.25 b 

0.75-1.40 0.95:1:0.18· 

" . 
tJ~ l1wVi'U-¥lffmn Ul1flfll11~ 1 mu ~.:J111~ff.:J'UCll ... 

.. .... , 
'IItH'VI 

09.00-15.00 'I.l. 0.92:1:0.28 1.14:1:0.19 

15.00-21.00 'I.l . 1.06:1:0.24 1.18:1:0.50 

21.00-03.00 'I.l. 0.95:1:0.25 I. 17:1:0. 18 

03.00-09.00 'I.l. 0.96:1:0.07 1 .23:1:0. II 

0.96:1:0.13 

0.91 :1:0.05 

0.90:1:0.17 

1.03:1:0.33 
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--+- -i'UQU 
1.700 

--- - -i"mDH 
----.-i",,\J'U 

1.500 - -- -

-~-------~--~ 

L ------,.-· -- ---- ----1.100 -1-------4-- - -----+------------- - -1---------4-------1 --0 .1>00 -f--- -- ----t=f:::::::::::-.:::===:=::==~~-----=:t~----: . - -- -_.-- ---- -

0.700 1----.-.-- -+----- -. --------- - .. - - -- ---- _. .- _._--- -- -----/ 

0.500 +-------~------~------_-----~ 

09.60-15.00 15.06-21.00 21.00-03.00 03.00-09.00 
nDl 

" . 
1J~l1wYhJnf1mn iillf)tl11l~ 'my ~~,.'r1~ff~,\Hll 

ff~rhu'\Jtl~ PMu[TSP l~U~l1Jtlfl'~';i1 TSP ,.,~ii PM IO 'Uff~rilUl'Yh''Wj ~~ 
~l'Yi1J'.hiifhff~rilU PMu[TSP lllflfll1 0.50 !lff~~'''''lltUl1 PM 10 iifll1lHhfity~tlfll1lJl~lJ~U 

", " " 
'\Jtl~ TSP lllfl (Chuersuwan !l~~flW~, 2008) 'u~unf1fl'lnii 'Yi1Jl1 iUflm~ iifhff~rilUff~fl'.h .. 
iugu ~~iirlllJlflfl ';i11.0 1~tl~,.,lfliuflm~1~uiu~iifll1lJ~uihulllflfl ';i1iugu vb''''' TSP ~~ 

. " 
iifll1lJffllJl'H) 'Ufl1'jU'\J1U~tl£Jtl~'U1J:i'Hllfl1ft"~'~~l'yh PM 10 ~~iifhn~n,.,i~ '~'uiuflm~ 

Utl£Jfll1 PM IO !l~~iJ~'Yi1Jl1ff~rilU'\Jtl~ PMu/TSP iirll~~ !l~~'Yi1Jl1iirll > 1.0 'u'l1m£J 'lh~l1~l 

~~'I1111£Jfll1lJl1 flmlrilu'\Jtl~~U ~~tltl~~~:il"''Yi1J' uifu~f1ml1if ii PM IO ~tl£J~ltl~' 1..1 tllfl1ft' 
. . " 

lllflfll1 TSP lijtl~"'lfl' u'lh~l1mnvbfl1:i 1~1J~ltldl~iifll1lJ9fU ff ~ HU~fl 'U1Jl~'lh~l1m !l~~ii .. 
fll1lJ~uihu ~~ .. h'''''rllff~rilU ~ml,.,'Yi1J'~1~U'tJmlJ'I1~flfl1:i~11 PM IO ~tl~iirllUtl£Jfll1 

TSP U~~lrltl~,.,1:iWlfll1lJfflJ~U£:i~'I111~ff~rilU'\Jtl~ PMu[TSP n1Jfll1lJ~~ m~ffO~ 'Yi1Jl1'~ 
A QI Q.I flQ,I • d. Q,I 0 Q,I 

lJfll1lJfflJ'Yi 1..1 ti flU tl£Jl~lJU £Jfflfl ty 

.. . 
<!I q<!l q 

4.2.2.2 'rt'U'YIflfl'lJll'U~'ll'H'YIl fll-3m'rt'lJ'Hl'UfI'l 

o QlI ICV.d Q.lfI 
H~fl1:ifl1U1Wff~fflU'\Jtl~ PMu[ fSP :i~'I111~lU'Y) 18-21 fJlJfl1'YiUti 'Yi .ft'. 2551 

" " . 
iU!l~~~iUfll1lJ~ ~'\Jtl~~unf1fl'll1 1'\J~:i l'lfl'Y1i fl~ ~l'Y1'YilJ'I11U m 'Yi1Jl1 ff~riTW'\Jtl~ PMu[TSP 

t " ". 

1\l~[J ~\J1I\J ijfllff~ff" flV 1.00±O.lO Ur1~ i''U~1~ )jril~lffflfl{) O.86±O.13 ff"ff1tJ~fJ~ .. . . . " " 
PMI([TSP iU:itl1Jium~£J 'Yi1Jl1 iU1JU iirll~~~~ 1.09±O.13 iWlh~l1m 21.00-03.00 U.ll~~ iu 

. " 
~1~ iirll~l~~ 0.75±0.13'Wlh~l1m 15 .00-21.00 1..1 . :il£J~~l~£J~ii~~~t1'tJii 
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H"f11lTht.nUHY~~h'U'\J£l~ PM)/fSP l:::,.dl~1'UYi 18-21 fllJml~\J1r rut 2551 

" 1J~nW~l~ytlmfl1l"tlm\li''U 10 h~mlJi1J'mJf)rJ'Yl (imwf) 1) ~1Jl1 a~ri1'U'\Jtl~ PM)/fSP ii,ll 

0.60-1.12 iifilm~tJ ~~1l1l1~~ 4.12 a~ri1'U'\J£l~ PM)/fSP iifilrJ~,,!~ 0.98±O.13 ''U'lh~n''121.00-
03.00 'U . lm:::iifil~l~~ 0.75±O.13 i'U';1~n"115.00-21.00 'U. (mll~~ 4.13, m~~ 4.11) 

" '" 2) 'tfl.Jf)"1~ 

, Q,I d Q,I 0' 

H"f)nfll'U1Wa~ri1'U'\J£l~ PM)/fSP l:::'I11N1'U'Yl 18-21 fllJm~'U1i ~.ff. 2551 

1J~nW~l~ytl h~llllJi1J'I1tJf)rJ'Yl (i1J'I1tJf) 1) ~1Jl1 a~ri1'U'\J£l~ PM)/fSP iifil 0.71-1.03 ii 

fiml~tJ 0.89±0.07 ~~llnN~ 4.12 a~ri1'U'\J£l~ PM)/fSP iifilrJ~~~ 0.93±0.13 il.J';1~11"1 

03.00-09.00 'U.lm:::iifil~l~~ 0.84±0.03 i'U';1~11"115.00-21.00 'U. (1l1l1~~ 4.13, m~~ 4.10 

" 3) 'If'U1J'U 

H"f11lflll.J1Wa~ri1'U'\J£l~ PM)/fSP l:::'I111~1'U~ 18-21 fllJm~l.Jlr ~.ff. 2551 

1J~l1W~l~ytl 1HllllJi1J'I1tJf)fff11tJ (i1J'I1tJf) 2) ~1Jl1 aflri1l.J'\J£l~ PM)/fSP iifil 0.88-1.23 ii 

film~tJ 1.00±0.10 ~~llnl~~ 4.12 a~ri1'U'\J£l~ PM,/fSP iifilrJ~~fI 1.09±0.13 'l.J'lh~n"l 

21.00-03.00 'U.lm:::iifil~l~fI 0.93±0.06 i'U';1~l1m 15.00-21.00 'U. (1l1l1~~ 4.13, m~~ 4.11) 

.,i 
VIl"1H'YI 4.12 
.. . 

, 0 1.cI Q.I I , Q,I d 

fI1m,,!fI-rJ~"lfl 1l":::fI1m"tJ'\J£l~ffflff1'U'\J£l~ PM,/fSP l:::'I11N1'U'Yl 18-21 

Q.I " ~.: -J& d 

f)lJm~'U1i ~.ff. 25511Jll1W~l.J'Ylffmn 1'\Jlll1'lH'Yl1 f)Hl'Yl~lJ'I11'UfIl • • 

.. .. .. PM10ffSP .... 
..... U'YIftOlll . . 

thfilq~-U~q~ 
, .. 

fIllUatl ±SD 

" 'ilHi1~ 0.60-1.12 0.86±O.I3 
a 

" iumm 0.71-0.96 0.89±O.07 
a 

" 
1.00±0. IO

b 
WtlU 0.88-1.23 

a.b.. ... I .d I! dd I I.... I d... • .... ... .... .d.. .4 ~ 
l11J101l1~ : fl6f1'~fI'1'U'II6~ PM ,/fSP l~ fill l ::l111~'II''Ufl111JlJ~'Yl1Jfllll~ fHl1~n'U6tJH 1J'UtJfI'lflqj'YlHfI'(l~m ::~ Ufl11lJl'll'6lJ'U 

95% 



" . 
'U~ nwYl'U'Yiffmn l'\Jml'IH'Vll fl~ _:j1'Vl .... lJ'I1T\.JfI'j 

"~ni1'U'IJM PM .. /TSP l'U1f)Ur'U,n~tI .. .. 
'" 

, 
'" I1in "I'U,n~ "I'Umn~ 

09.00-15.00 'U. 0.84±O.16 0.88±O.07 

15.00-21.00 'U. 0.75±O.13 0.84±O.13 

21.00-03.00 'U. 0.98±O.13 0.92±O.03 

03.00-09.00 'U. 0.86±O.03 0.93±O.03 

1.300 -- --.- -- - - - -----

1.200 +------- -----------

1.100 

60 

.. 
'" "I'Ul.J'U 

1.02±0.06 

0.93±0.06 

1.09±O.13 

0.97±O.07 

........ ~"QH 

- - ~"nDH 

~ ~"u" 

I :: +------t-=_ -----==.::::--_-__ --_ -_------:;;7""-""--~ ----+--r - ~ ~ .. ---

0 .700 -t---------j--------+---------------- --------j 

0.600 -1--------.----------,-----------,--------1 

09.00-1~.00 15.00-21.00 I'lD1 21.00-03.00 03.00-09.00 

" . 
Yl'\..lliffmn l'\J~'ll~1'Vll m _:j1'Vl .... lJ'I11'\..1f1'j • 

" . 
ff~l'ff1'\..1'\Jfl_:j PM)/TSP i'\..l'U~nwYl'\..lliffmn l'\Jml~l'Vll fl~_:jl'Vl""lJ'I11'\..1m ij~fl'14W~l111H.jf)H'\..In'U 

I d~ 0 IV.d QI 4 c:, as.4 Q.I ~ J t Q.I I 

tl11lJff_:j fltJl_:jlJ'\..ItJffltlruVl'l~~'Utl11lJl~fllJ'\..I 99% tlfl llJfl'l~f1'Utl11lJff_:jl .... lJff_:j'\J'\..I .... 'U11ff~ff1'\..1 
• U CU qJ 

J " , d.c:t' CV 1 d.4 I ~ 
'\Jfl_:j PM)/TSP ~-:j'\J'\..I~1tJ llCl~~1_:jnCll'VllJt11ff~ff1'\..1~-:j'Vl"'lfltlfl~1-:jl1Cll 21.00-03.00 '\..I. l'\..1fl_:j\llfl 

'" " ~," .1 1 .d", ~, .1 1 ' lJfltl'l1lJ1tJ'I11mfl'U'l'l'YJfl~_:jll~ 10 Clfl'\J'\..I 11 'lfl'U'l'l'YJfl'VllJl .... Cll~_:jll~ 3 l .... Cll'\J'\..I 11 llCl~'lfl""1_:j 
" , " ,,, 

1~'\..I 'lfl i '\..I fIlJ '\..I '11~ flVll_:j'VlflffltJ i '\..Il'\J~Yl'\..l limtl i'\..l'\Jfl_:jfl '\..I '\..I 1_:j 'l fl'UYl'\..l lii14 i 14 flHl'VlmJ'I1114m 113 . . 
" m'll_:jfihllJ~'l ~_:jll';l1Cl1 06.00 '\..I. - 21.00 '\..I. 1~'\..1114'I1~~'l1~fl1'l (flfl_:j-U_:j~'Ufl1'lfin1\l\l'l1\l'l, 

· i" .,; "'''' '" .1'" <9, i ,,& lIJ ".,; '" 2546) Vll 'I1Hllmfl_:jtl14~~19fCllJlJ'llJ1WlJlfl \l_:jff_:j~Cl '11 PM)O 9f_:jlJ1\llflfl1'll~ll'l1lJlmfl_:jtJ'\..I~ 

~l9fCl (1iJ~1 ~14fflff~{ 2551) ijfiltl11lJl.,j'lJ.,j''\..I ~ _:j ltl141'11~ i 11' ffflri1'\..1'\Jfl_:j PM )/TSP i 14'lf1_:jl1Cl1 
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Ji.,j~ • <!I..,..,...", 
4.1.2.3 .... 'U'JIflfl'Ultlll.fl0l)JtH \H't'il~l'Vr.J.:JI't'i)J 

o Q.I t , Q.I do Q.I tI 
~Clf)1'jm'W1UHY~lY1'W'lJ6.:J PM1/fSP 'j~'I111.:J1tJ'Yl 25-28 fJlJfll'YitJ1i 'rUt'. 2551 

II '" , "', 

ltJUflCl~i'Wfl11lJlY.:J'lJ6.:J~tJVif1mn ihlflmjj6.:J ~.:J'I11~1;tJ.:Jlmj 'WU11 itJutJ ihhm~tJlY.:JlY~ 
~ ~ . 

" , 1 , 

1.05±O.14 UCl~ itJeh.:J )j~lm~tJ,hq~ 0.91±0.12 iY~d1tJ'lJ6.:J PM1/fSP ltJ'j6u1tJm~tJ 'WU11 

" " . 
itJutJ )j~l~.:Jq~ fl6 1.16±0.181tJ'lh.:Jl1m 21.00-03 .00 tJ . UCl~ itJcll.:J )j~w(hq~ fl6 0.82±0.15 

" ltJ'lf1.:Jl1m 15.00-21.00 tJ. 'jltJCl~lUtJ~)j~.:Jfl6',jij 

I Q.I do Q.I " 

PM1/fSP 'j~'I11N1'W'Yl 25-28 fJlJfl1'WtJ1i 'W.fl'. 2551 

U~l1W~l~~lmfl1H16~'jtl iHU'jlJlcitJ'Yll'jl ~1.:J,,~1'W 'WU11 iY~d1tJ'lJ6.:J PM1/fSP )j~1 0.71-

1.04 )j~lm~tJ 0.91±0.12 ~.:J"l'jl.:J~ 4.14 iY~d1'W'lJ6.:J PM1/fSP )j~l~.:Jq~ 0.99 ±0.041tJ'lf1.:Jl1Cll 

21.00-03.00 tJ. UCl~)j~l~lq~ 0.82±O.151tJ'l11.:Jl1Cl115.00-21.00 tJ. ("l'jl.:J~ 4.15, fl1'W~ 4.12) 

. 
U~l1W~l~~liHU'jlJfllJYli~tJClulllh 'WU11 iY~d1tJ'lJ6.:J PM1/fSP )j~1 0.76-1.12 )j~lm~tJ 

0.99±0.10 ~.:J"1'jl.:J~ 4.14 iY~d1tJ'lJ6.:J PM1/fSP )j~l1;!.:Jq~ 1.03±0.041'W'lf1.:Jl1Cll 21.00-03.00 

tJ . UCl~)j~l~lq~ 0.94±0.251tJ'lf1.:Jl1Cl115.00-21.00 tJ. ("l'jl.:J~ 4.15, fl1'W~ 4.12) 

" 
3) itJutJ 

I Q.I .ci. Q.I rI 
~Clf)1'jTll'W1WiY~d1tJ'lJ6.:J PM1/fSP 'j~'I111.:J1'W'Yl 25 -28 fJlJfl1'WtJ1i 'W .fl'. 2551 

U~l1W~l~~l iHU'jlJlcitJ'Yll'jl ~1.:J,,~1tJ 'WU11 iY~d1tJ'lJ6.:J PMI/fSP)j~l 0.62-1.37 )j~lm~tJ 

1.05±0.14 ~.:J"1'jl.:J~ 4.14 iY~d1tJ'lJ6.:J PM1/fSP )j~l~.:Jq~ 1.16±0.18 ltJ'lf1.:Jl1m 21.00-03.00 

'W . UCl~)j~l~lq~ 0.96±0.121'W'lf1.:Jl1Cll 09.00-15 .00 tJ. ("l'jl.:J~ 4.15, fl1'W~ 4.12) 

. " 
iY~d1tJ'lJtH PM1/fSP 'j~'I11N1tJVi 25-28 fJlJfl1~tJti 'W .fl'. 2551 ltJUflCl~itJfl11lJ~.:J 

" . 
'lJ6.:J~tJVif1mn t111fl0lJJ6.:J ~.:J'I11~1;tJ.:Jlmj 'WU11 iY~d1tJ'lJ6.:J PM1/fSP )jfl11lJiYlJ~'WtitlU 

'j~~Ufl11lJlY.:J UUUU,j'jfr'W"llJtltJ 6dl.:J)j,rmht1ru~'j~~Ufl11lJl~mj'W 99% UlY~.:J1l1'rH'W111rl6 
~ u 

Q.I ~ ~ Q.I I .1 ,., Q.I' Q.I I 

'j~~Ufl11lJ~.:Jl'WlJ'lJtJ ~~'WUlY~lY1tJ'lJ6.:J PM1/fSP ~.:J'lJtJ~1tJ UCl~tJ.:J'WU11 lY~lY1'W'lJ6.:J 
I " " , 

PM1/fSP ltJ'j6u1tJm~tJ )j~l~.:Jq~ 1'W'lf1.:Jl1m 21.00-03.00 'W. Yl.:J 3 'j ::~uitJ li16.:J~lfl~'W 

Cl~66.:J 1 tJ ~.:J'I11~1;tJ.:J 1 mjlfi~~lflf)1'j 1~1 i mj'l 'W~ i cl.:J l'l1tJ fll'j lm'IJtJ:: fll'j 1~llff1l1 U i~-~.:J i~ 
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ll~~fl1'mnih 1'UU 'rut 2547 '~ihl1'j'HUHfl1,rlt1~rJ'U'Vit)~m'j1J 1'lf'U lt1~rJ'Ul1~lfl1'jlH1~lfl 
'" ~ ~ ... " d 1 ~t1 '1 d '" .1 d fl~l'l1'U llJ'Ul1CllW'UllCl~flCll'lfl'U rJlrJ'YI1~1 '111 V~ 'U'YICl'Um1Jlfl'U'U llCl~ lt1ClrJ'U~lflfl1'jl~l'UrJ~ 

1 ,~ ~ ..,j 1" '" ' ''' ~.J. 1 ". flV'I my llJ'Ufl1'jlWfl1~l'UrJ~flV'Imfl"llViV l11fl~fl1'jl~l 'I11JVrJl'l'j1~1'j1 9t'l'YIl 'I1~1'U1'Ufl1'jl~1 

'

" , ~.1 .J ~ 1 " "" 11 'I11J'jlrJrJVrJ"ll'Vi1J'U'U (http://www.trf.or.thINews ,2552) 9t'l~~llJ'U~Cl m"~'ff1'U'UV'I ~'UCl~VV'I 

l~1J'ff'l~'U 1 'U'lf1'111Cll~'Imh111Cl~ ~lflfl1'j'jlrJ'Il'Uflf.lHll'ViVlfl1ft' 'Uv'Im 1Jfl1'Ufl1J1JClVi'hl m'j l.:.J~ 
~ .. 

fl-3 .fllfl~'U1fl fl 'Vi'U11fl111Jl,j'1J'\i''U'UV'I PM.o m~rJ~~'j1~1~'~'U'lh'll~V'Uij'Ulfl1J 'Vi .ft' . 2551 ij 

fh~ 'Iln'U 1Jl~'j! l'U ~'I 1 'U'lf1'111Cll~.yhfll'J 1~'U~ 1vdl'11~'U 'lf1'1t1Cllm~ V'U fJ1J.fll~'U.fi 1 t1J'Vi'U11ij 

"" ~.1 fl111Jl'U1J'U'U'UV.:.J PM IO 1'Vi1J'U'U 

" . 
'Vi .ft'. 2551 'U~l1WYf'U.yjflfl'hll iil1flVl1jV'I ~.:.J'I11~1;rJ'I 1'1111 

.; . PM./fSP .... 
'Vi \fYlft Oill . . , . , .. 

fllmqA-\1·,ltlA flllU~U ±SD 
~ 

~'Urll.:j 0.71-1.04 0.9I±O.12
a 

~ 

crumm 0.76-1.12 0.99±O.IO
a 

~ 

1.05±O.14
b '" 0.S3-1 .37 WU'U 

95% 

" . 
'U~l1WYf'U.yjflmn iillflVl1jV'I ~'I'I11~1;rJ'I 'mj 

NAd'n~'Il6'1 PM ./fSP ''U'HlUl'UIU~U .. .. .. ... , ... ., 
11~1 'II'UaH 'II'Uoal'l 'II'UU'U 

09.00-15.00 'U. 0.S5±O.10 0.95±O.10 0.96±O.12 

15.00-21.00 'U. 0.S2±O.15 0.94±O.25 0.97±O.15 

21.00-03 .00 'U. 0.99±O.04 1.03±O.04 1.16±O.IS 

03.00-09.00 'U. 0.95±O.13 1.0O±O.05 1.06±O.O3 



63 

1.40 -- -.-

-4- ~,nh_1 

130 +----------------------------------r------------ --- oi'Uncn..t 

1.20 -1- '- .----- .-.-

~. LlO ~ 

;~ 01..00

90 

t. _- _ - ... - _ -_ -___ ~._:,:;;;_=_~_=.;.=_.;_=.;.=_~~.=_;;-_=.~t/~::--=._===_::::_=--~~~====~==f~--l 
5 - - .-- . ---

0.80 - -- _ . ~---.---~---- -- ~. ----- - -_.- .. - ._-_. ---

0.70 +---------------------+-----------------------------------1 

O.~ +-------------,-------------,-------------,--------------1 

09.IlO-IS.oo 1 S.1lO-2 1.00 I'1Q1 21.00-03.00 03.00-09.00 

" . 
U~r .. lf.uV;'\.Jnffmn ihLflm~tl"l ~·m1~L;v~hnj 

" ". 
Utl'j~'\.J~111fl1111"l~ 'Vi~ 3 V;'\.Jnfffnn 'ViU--hijfil'~~ri1'\.J'lJtl~ PM1/fSP "l~U"~ijfilLf)'\.J 1.0 l'\.J1J1~ 
". . 
i'\.Jfl1111"l~ iYUL11tl~1J1ml1nf11'jL~lJfi1tldl~ PM IO u"~TSP nij'j~v~nml'\.Jf11'jL~lJfi1tldH 

9il~n'\.J ~tl PM
10 

'il~L~lJfi1tldHtJn 3 41111~ U"~'.h111111film~m~'\.JlJn 6 41111~ L~tlLtI~ VlJLnVU 

nu TSP 1 '\.J'lf1~nmL~v1n'\.J ~~ 'il~l11 1 M'Lf)~ml11H~'Vi"l~'lJtl~.,jtl11"~ 'il~'W 111 1'1'nfilff~ri1'\.J'lJtl~ .. . " 
PM1/fSP i~ filnmY~~ 1 '\.J 'jlV~l'\.JU~~ ilJ"'l111'J (l'Wl1J1 1 i'L~'\.Jmlnll'\.J fl'Hfl~ i~ u9i"'l1J1'j (l 1 i' 

L~'\.JU '\.J TVl1~ l'\.J n1'J -U~lJtlnLL '\.J 11,r 11ff~ ri1'\.J'lJtl~ ~'\.J ,,~tltl~~f)'j ~ 'illvfi1mm ~~lJfl1111'" ~'lJtl~ . .. 
,.. " " ,.. , 

V;'\.Jnnl11n1'JffnlJl 1~Vf)1'j'i)lnffnlJ1U 'ViU';i1 ff~ri1'\.J'lJtl~ PM1/fSP ''\.JV;'\.JnffnlJl 

n~ ~L'Yl'Vi11111'\.Jm u,,~ ~~111~L;V~ 1 l1lJ ijfl1111ff11~'\.J £ nUfl1111"l ~tldl~ijuvfflfltlJ~'j ~~Ufl1111 
.4 Q.I .4.:9 GI ~ J GI I d I .1" .:9 

L'lI'tl11'\.J 99% fltlL11tl'j~~Ufl1111"l~L'Vi11'IJ'\.J "'~"'1'\.J'lJtl~ PM1/fSP 'il~11m"l~'IJ'\.J~1V L'\.Jtl~1J1'illn 

" . 
TSP ijumi~fhLiJ~l1 cln'illn ''\.JV;'\.Jn u,,~ij'j ~v~nmf11m'IJ1'\.J "tlVl'\.J mf11ff'~1lJ'\.Jl'\.JL'Yh PM)O 

." , ", tal d ~ J , 1 ", Q.I , d • 

mll1'VilJ PM IO t;l111nn11 TSP l'\.J'j~~Ufl1111"l~'YlL'Vi11'IJ'\.J "'~~" 'Hm"'~"'1'\.J'lJV~ PM)/fSP 11m 
" . 

utl'j ~'\.J~I111fl1111"l ~ LL9iV;'\.JnffnlJlt11Lfltll11~ 1 my ff~ri1'\.J'lJtl~ PM)/fSP 'lJijfl1111ff11~'\.J£nlJ 
t I ", , 

'j ~~Ufl1111 '" ~ L -u tl~ 'illnil 'il ~ V'Yll ~ f11VfI1'Vi~ tlf11 'j il'\.J ih'\.J 'Yl1~ f11VfI1'Vi'IJtl~V;'\.J nffnm l11 1 M''ViU .. 
Q.I , ~! 4 QI .ell I QI .a.ci 
"'t;l"'1'\.J'lJtl~ PM1/fSP 'Yl'll''\.Jnm~fltl'j~t;lUfl1111''l~ 60 L11~'j 11m"l~n11'j~t;llJfl1111"l"ltl'\.J"l C)f~ 

m'jffnlJl~tlV"~'lJtl~ff~ri1'\.J PM2/PM IO ~lm~~lJfl1111~~ l'\.JL~tl~iln~"l (Chan U"~flW~, 2005) 

'VilJ 'h fft;lri1'\.J'lJtl~~'\.J ,,~tltl~ ilJL~'\.J 1 tlm11'jtluuuLYi11~'\.J~lm ~~lJfl1111'" ~ ri1'\.J'lf1~nm~'VilJ . .. .. 
ff~ri1'\.J'lJtl~ PM1/fSP l'\.Jn~~L'Yl'Vi11111'\.Jm ijfil"l~~,,!t;l~tl 21.00-03.00 '\.J . ~~ PM 10 1J1'illnf11'j 

tI" t;l tI ~ tl V 'ill n vi tl i m ffV'IJ tl ~ Lfl ~ tl ~ V'\.J 1Pi'~ LC)f"L ~'\.J 11 cl n (1iJ ~ 1 ~ '\.J ffl "'~ { 2551) ~'1 ij nn 1 i' 

Lfl~tl~V'\.JIPi'~LC)f"1J1n 1 '\.J'lf1"lnmnm~~'\.J ri'1~" 1 M''VilJff~ri1'\.J'lJtl'1 PM )/fSP "l'1 ri1'\.JL;V~ 1 'HlJ111 



64 

i .d i I ~ ....i i "'" '" '" .. ~lflf1l~!m 'W'YI ".:J!1J'W'I1"fl 9f.:J PM IO lJ1~lflf1l~!m 'I1lJ'lf1lJ1" (1'W~1 ~'Wf'f1ff"~, 2551) 

i 'W'lf1.:Jnmflm.:J;j'W ..11 i,r~U~~ri1'W'\J~H PM I/fSP 'l.:J i 'W'lf1.:Jnm~.:Jflri11!'lf'Wti'W 

• _I ~ ~I 1 '''' 1 ~ ",.!i .d ~ q 
4.2 tl.:JtllJ"l~fltllJYlHlfIlI &Ur:Utl~tltl.:J'UU1Yl lImu lOll &tl"l!ll~"l lJ"lrJWffUYlflfl'U1 !'U~"l"HYll 

fll.:JlYlffll...,lU tl"l 

r·mfln1!m1~,.1tl.:Jfhh~fltlUm.:J!fliji'W PM 10 ~~'I11n1'W~ 18-21 fllJm'W'Wn ~ . f'f . 2551 
~ . . 

Q 4 d~ d 1'" tI Q 4 Q d tI 0' 
u~nW~'W'YIt1fl'U1 !'\J"~l'lf!'Yll fl~.:J!'YI~lJ'I11'Wm ~Ufl ffnfll~Utl'W 2 'If'W~ fltltl'W'YIH'fIl~Utl'W 

(OC) 1il~fIl{Utl'W (EC) ffn ltltlm1f1 7 'lfU~ ~tl i9f!~tllJ (Na +) UtllJ ilJ!UtllJ (NH/) hh!"ff!~tllJ 

(K+) U"~Ufl"!~tllJ(Ca2+) fI"tlh~ (CO 1'W!,,~'Y1 (N03) cMmY~" (SO/) !m~ff1nh~fltlU~'W'l 
~ ~ 

(Other species) i~tI~ 1tl.:J1'W ~~ril'Wtl.:Jfl'l.h ~fltlU'YI1.:J!flij i ~tJ'\h'l11:r fl ·ntl,,~!fltl~ij~.:J~tl' UU 

~ ~ 

~~ ril'W tl.:J flU ~ ~ fl tlU'YI1.:J! fI ij'\J tl.:J i ~ tlU l'l1'W fl mn tJ ().:J U I'll '11 fl'\J tl.:J tl.:Jflth ~ fl tlU'lfU ~ 
~ 

~1.:J'l ~tlU 1'11'11 fl~'W "~tltl.:J'\J'\.Jl~ hho'W 10 ilJ 1 fI~ !lJ"~ • 

~-mf1l~11m1~,.1tl.:Jfl'l.h~fltlUm.:Jlf1iji'W PM 10 ~~'I11Hl'W~ 18-21 fllJm'W'Wn ~.f'f. 
~ 

2551 U~l1W~l~~lmfln~tl~~()i''W 10 1H11)lJiU'l1tJflff'YI (iU'I1tJfl 1) ~U11 ~~ri1'W'\Jtl.:J .. 
tl.:JflU~~fltlU'YI1.:Jlf1ij 1~tJJ1'l1'11 fl ij~l'\Jtl.:J ffn U~ ~fltlU~'W '1 'l.:J 'l~ ~tl~ tltl"~ 36.9-67.1 ij~lm ~tJ 
" 1.e::! cs.~ 4" <£:if.ci" 
~tltl"~ 53.4±6.2 u,,~ 9fl~tJlJ lJfIlm'l~fltl ~tltJ,,~ O.O-l.l lJfl1m"tI~tltJ"~ 0.4±0.3 

tl.:JflU~~fltlU~l.:J'l ij~ltl"~lfltJ~ ~.:J"1~1.:J~ 4.16, m~~ 4.13 

~ ... 
2) 'If'Wflm.:J 

Q tI d' ... 1 di ' Q.I.d. QI tI 
~mf1l'j11m1~'I1tl.:Jflu~~fltlU'YI1.:Jlf1lJ 'W PM 10 'j~'I111.:J1'W'YI 18-21 fllJm~'W1i ~.f'f. 

2551 u~nW~l~~l h .:JU'jlJ iu'I1 tJfl~'Y1 (i U'I1 tlfl 1) ~U11 ~~ril'W'Utl.:Jtl.:JflU~~fltlU'YI1.:Jlf1iji~tI 
~ , , 
o QI .c:t. ...1 .:!!I 4 " d I ..c:t" 

'W1'l1'Wfl lJfIl'\Jtl.:Jffnu~~fltlUtl'W'l 'l.:J'l~ fltl~tltl"~ 26.9-61.3 lJfl1m"tI~tltl"~ 47.1±8.8 u,,~ 

19f!~tJlJ ij~l~l'l~~tl ~tltJ"~0.2-0 . 6 ij~lm~tI~tltl"~ 0.4±O.1 ri1'Wtl.:JflU~~fltlU~H'l ij . , 
.cl Q.I d d 

~ltl"~ltltJ~ ~.:J"1'j1.:J'YI 4.16, m~'Y1 4.13 

~ ... 
3) 'If'WU'W 

Q tI 0' ... 1 di I Q.I.::::t QI tI 
~mf1l~11m1~'I1tl.:Jflu'j~fltlUm.:Jlf1lJ 'W PM 10 ~~'I11Hl'W'YI 18-21 fllJm~'W1i ~ . f'f. 

2551 u~nW~1~~11HmlJiu'I1tJflfff1ltJ (i'IJl1t1fl 2) ~U11 ~~ri1'W'\Jtl.:Jtl.:JflU'j~fltlUm.:Jlf1ij1~tI 
~ . . 
o cv d' ... 1 4 ~ " do' d" 

'W1'l1'Wfl lJfIl'\Jtl.:Jffnu~~fltlUtl'\...!'l ,,!.:J'l~ fltl~tltJ"~ 37.9-59.9 lJfIlm"tJ'jtltJ"~ 48 .8±5.91m~ 
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. . 
od QI od d 

'.iltm:amJfl fl-:J~lHn'l 4.16, flWfYI 4.13 

I., '" 
Vl11Hn 4.16 TlWil~fl-"l -:J~fl U"::Tllm ~V'U~N~fl ff1'U'UtJ-:JtJ-:Jrllh ::fH)'U'Yll-:Jlf1ijlflvl1nnrn (%) 

I Q.I d QI tI .c:::. ~.d~ d 

'.i::'I11H1'U'Yl 18-21 nlJfll'Vi'Uli 'Vi.ff . 2551 'U'.il1tu'Vi'U'Ylffn1Jll'U~'.il')H'Yl1 . 

.. .. .. ... , ... ... 
8.:J~1.h::flt)1J 

'W'UDH 'W'UflDl.:J 'W'UtJ'U . . . , . , .. , . , .. 
fhfili'(A-q,UIA ' .. 

fl1f11i'(A-q~qA flllfHUJ±SD fl1f11i'(A-q~i'(A fllIUDtI±SD flllUDtI±SD 

OC 16.3-34.6 24.7±4.3 • 19.3-41.0 28.4±5.2
b 

20.4-36.7 28.5±4.5
b 

EC 5.1-9.8 7.1±l.3
a 

4.6-11.1 7.6±1 .9 
b 

5.2-9.5 6.5±1.0
c 

Na 0.0-1.1 O.4±O.3 3 0.2-0.6 0.4±O.1
3 

0.1-1.2 0.4±O.2
3 

NH. 0.1-1 .8 1.0±0.4 
3 

0.7-2.0 1.2±O.4 
3 

0.7-2.8 1.5±O.7
b 

K 0.7-1.9 1.3±O.8
3 

0.7-2.4 1.3±O.4 
a 

0.6-1 .8 1.1±O.3 3 

Ca 0.1-1.4 0.8±O.4 a 0.4-1.4 1.0± 1.3 
a 3 

0.3-1 .2 0.7±0.2 

CI 0.5-1.1 0.7±O.2 ' 0.4-1.6 0.6±O.3 
a 

0.4-1.4 0.6±O.2
a 

NO) 1.7-7.9 3.6±1.5 
3 

2.1-9.8 3.9±1.8 
3 

1.7-10.3 3.6±1.8
3 

S04 4.6-12.3 7.2±2.0 3 5.1-12.8 8.8±2.5 b 5.5-12.0 8.4±2.0
b 

Other species 36.9-67.1 53.4±6.2 
a 

26.9-61 .3 47.1±8.8 b 37.9-59.9 48.8±5.9
b 

. . . 
Yh :: ~lJfl111Jl'VijUll 95% 

57.0 .,-----------_._--- -- ---- - --
54.' +-________________ ------------- ---- ----- --- 0 ~"ri,. 

51.. +-------------- ------------ -- III ~"na,. 

411.' 
45.1 

.-i~\J"" +-------------_ .. _------._-------- ---- - ----- -
4>" 

t l'.1 , 
36.' 
lJ.1 +------------- -------------- .---------------1 
30.' +--------------------------- ----- ---- -----------j 

27 .' ..... 
11.. 

.1.' - - ------------------- ----------1 
15.1 ------------------- ------- ------ ------.----1 
12.1 ... ---_._---- ----- -- -----------_ . ... 
J.' ... 

OC E C N. NH4 K c. co NOJ s O< othl'r 

QI tI .Q .l d.di d 

n lJ fl1 'Vi 'U li 'Vi. ff. 25 5 1 'U '.i 11 tu 'Vi 'U 'Yl ff n 1Jl l'U m 1 'IlL 'Yl1 fl'.i,:j 1'Yl 'VilJ '111 'U fI'.i • • 
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" . 

H"f)l'Hh'U1Wff~ff1'U'lJV 'H)~fi'tJ'j~m)U'YIl~lfliii~mhl1,rf) -nYilmHln~1ft 'j~'wh~ 
, JI I JI 

1'U-n 18-21 f)lJfl1~'U£ 'Y'Ul'. 2551 U~l1W~'U-nffmn l'IJml'lH'YJl m~1'Y\'VilJ111'Um 'ViU';h 11~ 3 • • 
QI .r::::S , " 4 2- - 0 Q.J 

'j~ftUfl11lJ~~ lJfll'jmm~'lJV~ other species ~~"1~ 'jV~"~lJlflV OC SO 4 EC ""~ NO 3 9l1lJ"1~U 

.k .1 , " ~";?t 0' <!I, d 
9f~ other species 'U Vl~ ~~tJ'j ~f)VU tJ~1t1ff ~'YJ1U'U V~fltJ'j ~ f)VU'lJV~ltJ"Vf)'U Vf) 1'lf'U 111"f) 

l1lJf)Ul~tllJ cililf)v'U llmmUff h ift'jl~'U1vvv'U ~'~i'U~lf) m~i"~~fl (H2S04) ""~~'Uli~ 
" . 

'lJv~,h (Kansuke lm:;Kanzuhiko, 2005) ljjVYi~1'jWlffftff1'U'lJtl~tl~fi'tJ'j~f)tlU'YIl~lflij l1,j,,~'lfU~ 

tlf)1~'U other species 'ViU';h ffftff1'U'IJ~H OC sd-4 EC ""~ '1'U PM ,O ijfh~~f)'"h~VtI,,~ 5 '1'U't'Jf) 

'" .k , '1 ' .1 .1' , 
'j~~Ufl11lJ~~ 9f~ff1'U l1qJlJlf)~lf)m'jlJ"ftlJ"VtI~lf)tll'U'Vill1'U~ (Watson ""~flW~, 1994) ff1'U 

Na+ K+ Ca2+ cf lm~ NO-
3 

'1'U PM
IO 
9l1m~~Ufl11lJ~~ 'Viu'h rilfl11lJl,j'lJ'Ij''U~~'j1~1~ '~iiril~l 

f)';h~vtI,,:; 5 llffft~ '1 Mlif'U111l11~~fhlUft'IJV~v~fi'tJ'j~f)VU'YIl~lflm 'U PM
10 

'1 'U~'U~ffmn;flJl~lf) 
m'jtJ"fttJ~VtI~lf)Hltl'U~ln'Um'f) (Chuersuwan ""~flW~, 2008) 

• JJ "" , 

species -nijv~'1 'U i'U ~H ~~iirill191f),j H~ If)i'U f)"Hll,,~i'U U'U mh~ii,r mhriqJ-n'j ~~Ufl11lJ 
, t , " " I 

l~mj'U 95% ;jv OC lm~ sd-4 ~~'ViU~l"1~ '1 'U'i''U~1~ 11,j Other species ~~'ViU '1 'Ui'U~l~~ ~-n"1ft 

ff1111~~ OC ""~ sd-4 ijrillJlf)'1'U'5'Uf)m~11,,~i'Uu'U l~V~lJl~lf) SOC In'Uff1'U11i1~'1'U OC 

Vdl~ii,rmhriqJ (Yuan lm~flW~, 2005) ~~ SOC ln~~1f)tJfimtlll;~~V'U'j~1111~ ~1~1~'U~"1ft~ 
" , , , 

.... 1 ' QI ~ ~ , 0 .Q d. 4 d.& ~ '1 "" '" i " 
lJ"VtllJl~lm~ftU'Vi'U~'U l1"~l1l1"~ml'Uft'YJlfl"V'U'YJ ~~lu'Um~ l1'jVtI"~'lJV~ SOC lJll'U1 'UlJ 

.1 '" ,.1 " , '1 "'" , 2- .1 
~~'IJ'U911m~~Ufl11lJ~~ lJ~1t1 (Chan ""~flW~, 2005) ff~H" l1lJfll OC ""~ SO 4 ~~'IJ'U911lJ 

'j~~Ufl11lJ~~ ~~ SOC In'U~1tJ'j~lJlwril OC ~lf)1m~~fhlU~~'U~ 2 1'li'U i"l~ll~'U~ 2 1'U191 
" , " I 

'j'YJ'Il'U-n 211"~"~VV~fl'U'YJ~V'll'U-n 2 (Yuan l1"~flW~, 2005) ff1'U Na+ K+ Ca
2
+ cf 11"~ NO-3 '1'U 

" 
PM IO 11~ 3 'j~~Ufl11lJ~~ijril ',jllllf),jl~n'U'YIl~ff(i~ 

"" 0' "" 0'. I 0' '1 , ", 0' H"m'j11ml~l1fl11lJl'IJlJ'IJ'U'lJV~V~fllJ'j~f)tlUfll'jUtl'U 'U PM ,O ~11f) fll'jUV'U'j1lJ (TC) 

fl'U'YJ~Vfll{UV'U (OC) lil91fll{UV'U (EC) ""~1t1f)1n'Uri1'U9il~'l ;iv OC1 OC2 OC3 OC4 EC1 • 
~ 0 0 Q.J' Q dt! rI Q.I tI 

EC2 lm~ EC3 ~1f)'U'U'UllJlfll'U1W111ffftff1'U'lJtl~V'U'YJ'jtlfll'jUV'Uf)Ulil~fll'jUV'U (OCIEC) 9l1lJ 

"" " " , 'j~~Ufl11lJff~ ;jv i'U~l~ i'Uf)"H lm~i'Uu'U '1'U~'U.yjffmJ11'IJ1l'j1'lf1'YJ1 f)Hl'YJ'VilJ111'Um lm~111 .. . . " 
ril '1 'U'jVU1'ULU ~tI ii'jltl"~l~tlft~~U 
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"" '" ,..,.. "'.1 '" i . ... .. 
r'H'If)1~1'ml~'H111lJl'\JlJ'\J'U'\JO'lO 'Hlll~~flOUfll'nJO'U 'U PM)O ~~'l11l'ld'U'Vl 18-21 

" . 
fllJm~'U1r 'VU1. 2551 ~llJ~~~UfllllJff'l 'ViUll TC UCl~ OC i'Ui'UflCll'l ii~ll\l~ttff'lff~ till • cu cu • 

" .. 
40.6±10.0 UCl~ 32.0±7.9 'lJ 1mfli'lJ~O~flUlffnllJm mlHll~U UCl~i'U,h'l ii~lm~tt~'h~~ tio 

" " 
37.8±9.1 UCl~ 17.0-41.2 'lJ1mfli'lJ~O~flUlffnllJ~'j ~llJC'h~U 'fl'U EC 'ViUll i'Ucll'l '!Cl~i'U 

. " 
flCll'l ii~lm~ttff'lff~ tio 8.6±2.5 UCl~ 8.6±2.6 'lJ 1mfli'lJ~OClflUlffnllJ~~ ~llJ,h~u UCl~i'Uu'U ~ "4 ~ . . 
ii~lm~tt~h~~ tio 7.3±1.6 'lJ1fl~fli'lJ~O~flUlffnllJ~~ ~lttCl~16tt~'\Jo'ICh'U~N'li'U 

tI " 'Q.I ~ d d QI I .: lI'1fltl~~flOUfll~UO'W i 'WU~Cl~~~~U')j''WfllllJff 'I mlttCl~mtt~~'I~o' tl'W .. 

... ,.. ,.. "'.1 '" i . ... .. 
HClf)1~~~l~l~fllllJl'\JlJ'\J'U'\JO'lO'lflll~~flOUfll~UO'U 'W PM)O ~~'l11l'l1'U'Vl 18-21 

" . 
fJlJm~'Wli' 'Vi.ff. 2551 UlnW~l~~l81fln~O~Hli'W 10 h'lU~lJiU'l1ttfl"l'Vl (iU'l1ttfl 1) lijO 

~~l~Wlril'W~l'l'l'\JO'lO'lfi'tl~~flOUfll{UO'W tio OC1 OC2 OC3 OC4 EC1 EC2 UCl~ EC3 'ViUll 

~lfllllJl,j'1J'\j''U'\JO'l OC3 ii~lff'lff~ tio 7.1-17.2 'lJ1fl~fli'lJ~lIClflUlffnllJm uCl~ii~lm~tt 
~ "4 ~ 

11.7±2.8 'lJ 1mfli'lJ~O~flUlffnllJ~~ fllllJl'Ii'lJ'Ii''U'\JO'l EC3 ii~l~l~~tiO 0.0-0.6 'lJ 1mfli'lJ~O 

ClflUlffn'lJ~~ 1!Cl~ii~lmgtt 0.3±O.2 'lJ 1mfli'lJ~lIClflUlffnllJ~~ ~'I~1~1'1~ 4.17 .. ~ 

Irlll~~nWlfll1lJl,j'lJ'Ii''U'\JO'lO'lfi'tl'j ::flOUfll{UO'U i 'U~ OU1'WI\lgtt 'ViUl1 OC2 OC3 

EC1 ii~lff'lff~ 9.3±2.5 14.9±2.l UCl~ 12.4±2.1 'lJ 1mfli'lJ~OClflUlffnllJ~~ ~llHh~u i'W'th'l .. "4 .. 

nCl1 21.00-00.00 'W. OC1 OC4 ii~lff'lff~ 3.7±0.4 UCl~ 8.5±0.5 'lJ 1mfli'lJ~OClflU1ffnllJ~~ ~ "4 ~ 

~llJcl1~U i'W'lfl'1nm 18.00-21.00 'U. EC2 ii~lff'lff~ 1.5±0.4 'lJ 1mfli'lJ~OClflU1ffnllJ~~ .. . .. 
i'W'lfl'1nCl1 06.00-09.00 'W. UCl~ EC3 ii~l"l'l~~ 0.5±0.1 'lJ 1mfli'lJ~O~flUlffnllJ~~ i'W'lfl'1nCll 

• d 1 0 

15.00-18.00 'W. UCl~'ViUl1 OC2 OC3 OC4 UCl~ EC3 lJfll~l~~ 5.3±1.6 8.7±1.9 4.8±0.9 UCl~ 

O.l±O.l 'lJ 1mfli'lJ~O~flUlffnllJm ~llJcll~U i'W'lfl'1nm 06.00-09.00 'W. OCI ii~l~l~~ 

1.0±0.2 'lJ1mfli'lJ~O~flUlffnllJ~~ i'U'lh'lnCl1 09.00-12.00 'U. ECI UCl~ EC2 ii~l~l~~ 6.6± 

0.9 UCl~ 0.9±0.1 'lJ1mfli'mioClflUlffnllJ~~ mlJcl1~U i'U'lfl'1nm 12.00-15.00 'W. (m~N~ .. 
4.18, fll'ViYi 4.14) 

g)l'N~ 4.17 ~1~1~~-"l'l~~ uCl~~lmgtt'\JO'lo'lfi'tl~~flOUfll{Uo'Wi'U PM)O ('lJ 1mfli'lJ~O 
" , QI.d QJ " ~ ~ d..:i 

~flUlfffl!lJ~~) ~~'l11Hl'W'Vl 18-21 fJlJfll'Vi'Wli 'Vi.ff. 2551 u~nW'Vi'W'VlfffllJl ''\J~~l')j' 

!'Vl1 fl ~ 'I !'Vl'Vi lJ 'l1l 'U m 
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\1 '~ (l~ VI , 

t)·uhh::ml'u 
t).:!f) '::Ot)'Uf)l''Ut)\4 \4 PM.. )J mWl)Jflt)\lO'Ulflnl)JfI') 

.. .. .. 
V I V V , '!I\411l.:! 'If\4011H '!I\4'U\4 

fll''UO\4 , . I .. , . , .. , . 
flllilatJ ±So fllflli'(A-q.:JqA fllUUltJ ±SO fllflUIA-q.:JqA flllilQtJ ±SO fllfllqA-~.:JqA 

TC 23 .6-55.1 37.8±9.1' 28.6-63.8 40.6±1O.0· 25.4-51.1 39.1±7.4
a 

OC 17.0-41.2 29.2±7.0· 22.7-50.3 32.0±7.9
a 

20.3-43.1 31 .8±6.2 a 

EC 4.8-13.9 8.6±2.5' 5.0-14.7 8.6±2.6· 5.HJ.3 7.3±1.6
b 

OCI 0.8-4.3 2.0±1.2' 0.9-3.9 1.8±1.0· 0.7-3.6 1.5±O.9' 

OC2 4.2-12.2 6.7±1.7' 5.7-11.8 7.4±1.7' 4.7-9.3 7.0±1.2' 

OC3 7.H7.2 I J.7±2.8' 8.9-20.2 12.9±3.1' 8.0-18.5 13.4±2.8' 

OC4 4.2-10.5 6.7±1.7' 5.2-11.6 7.0±1.9· 2.9-8.7 6.6±1 .6' 

ECI 5.2-15.4 9.3±2.7' 6.1-16.4 9.7±3.0
a 

5.3-12.9 8.8±2.0' 

EC2 0.5-1.8 1. I±O.3' 0.6-1 .9 1.2±O.4 • 0.6-1.9 1.2±O.3 a 

EC3 0.0-0.6 0.3±O.2a 0.0-1 .2 0.6±O.4 b 0.3-1.1 0.5±O.2c 

l1lJltlll1~ : •. b.e titlfl11lJl.ulJ.u'U'\Jtl~tl~fhh ::ntlutll{utl'U 1'U PM 10 l::l1')Wi'Ufl11lJ~~~iitllll~ n~H t1'UtlriH ii,rVt;'t1ty111H'I'ii~~ 
~ .4 .:. 

l::llUfl11lJl'lItllJ'U 95% 

f1l"lH~ 4.18 f111lJL,",lJ'I~\.J'UU ·HI~rllh:: fH.l'UfI1{ m)'u 1 'W PM.o 1 'W'i U'Ul'WLll ~tI (1lJ 1 mf1i'lJ1lU 

" , QI.d Q.I tI ..:::.": .:S.& 
'Jf1'Ulfff1LlJll'i) 'i::""11~1'W'Yl 18-21 fllJfl1'Yl'Wti 'Yl.ff. 2551 'U'iLdW'Yl'W'Ylffmn L'Ull'il'lf 

" d ... , 

L'Yl1 f11~L'Yl'YllJ""1'Wm ('If'Wcn~) 

II II '_I ''I 1 V cO 3.. 
fl1l)J''')J,,\4''O.:!t).:!f)1J'::Ot)'Ufll''Ut)'UI\4 PM.o 'U't)'U1'UI~lltJ (J.1g1m J 

~ .1.:14 .ell ::, , 

mnW'W'U'YlflOllll"f1nWIYI1 Ol.:!I'Yl'W)J't11'Uf)' ('!I\411":1) 

mn TC OC EC OCI OC2 OC3 OC4 ECI EC2 EC3 

06.0(H)9.00 \I. 29.7±6.3 21.8±4.7 7.9±1.6 1.3±{).3 5.3±1.6 8.7±1.9 4.8±{).9 8.0±1.6 1.5±{).4 O. I±{).1 

09.00-12.00 \I. 29.3±5.2 22.2±3.8 7.1±1.6 1.O±D.2 5.5±{).9 8.8±1.5 5.2±{).9 7.2±1.9 1.4±{).1 O.2±{).1 

12.01"'5.00 \I. 31.6±3.0 25.9±2.3 5.7±{).8 1.6±1.1 5.8±J.1 10.4±1.2 6.2±{).5 6.6±{).9 O.9±{).l O.l±{).l 

15.00-18.00 \I. 38.1±3.7 30.9±3.1 7.2±{).6 2.0±1.2 6.5±O.5 12.6±1.l 7.1±1.l 8.2±{).8 1.l±{).1 O.5±{).1 

18.0~21.oo \I. 47.4±3.6 37.0±2.4 1O.5±1.4 3.7±{).4 7.4±{).7 14.3±1.7 8.5±{).5 12.O±D.9 J.I±{). l O.4±{).1 

21.00-00.00 \I. 48.5±7.7 36.3±6.3 12.2±1.6 2.3±1.7 9.3±2.5 14.9±2.1 8.4±2.1 12.4±2.1 1.O±D.4 O.2±{).2 

00.00-03.00 \I. 44.2±7.4 33.8±5.2 I0.5±2.5 2.3±1.5 8.O±D.4 13.5±1.4 7.6±1.2 11.7±3.3 O.9±{).3 O.2±{).3 

03.0~.00 \I. 33.4±8.4 26.1±7.0 7.3±1.5 1.8± 1.1 5.6±{).7 IO.3±2.9 5.8±1.8 8.4±2.3 1.2±{).3 0.4±{).2 
, ... 

tlllilQtJ 37.8±2.1 29.2±1.7 8.6±{).6 2.0±{).6 6.7±{).7 I J.7±{).6 6.7±{).6 9.3±{).8 J.1±{).1 0.3±{).1 
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, __ --------1 • EC3 

, __ - - - -1 • EO 

06.00-09.00 09.~12.00 12.00-15.06 15.00-18.00 'A.OO-21.00 21.60-00.00 00.00-03.00 03.00-06.00 

nDl 

IIJ Eel 

.0<::4 .0C3 

.0<::2 

.OCI 

.J " " "'.1 "" . ~ fll'Vt'fl 4.14 fl11lJ1'\JlJ'\JlJ'\JtI 'H)~flu~~fH)'Ufll'j1H)lJ lJ PM ,O 'lJHJ'U1lJm~rJ (llJ 1mf1i'lJ~tI 
" , Q.I.d Q.I " .e. ~.dci 

(lf1'UlffmlJ~~) ~~1111~1lJ'Yl 18-21 f1lJfI1~lJ1i ~.ff. 2551 'U~l1W~lJ'Ylffmn 1'\J~~1'lf 
~ . 

" '" ... , 
1'Yl1 f1~~1'Yl~lJl11lJm ('lflJm~) 

" 2) i'lJf1(ll~ 

Q rI ,.,,, 11' ... 1 rI i ' Q.I .d 
rl(lf11nlm 1~11 fl11lJl'\JlJ'\JlJ'\JtI~tI~flu~ ~ f1t1'Ufll~'UtllJ lJ PM 10 ~~1111~1lJ'Yl 18-21 

fJlJfI1~lJ1r ~ . ff . 2551 'U~l1W~l~vh h~U~lJ''Ul1rJf1{!'Yl (imwf1 1) lrltl~~1~W1U~(l~ri1lJ~1~'l 
"'.1 "'... , " " '\JtI~tI~flu~~f1t1'Ufll~'UtllJ fltl OC1 OC2 OC3 OC4 EC1 EC2 U(l~ EC3 ~'U11 fl11lJl'\JlJ'\JlJ'\JtI~ 

OC3 ihll{!~"1~ fitl 8.9-20.2 1lJ 1mf1i'lJ~tI~f1'UlffnllJ~~ lm~ijfhm~rJ 12.9±3.1 1lJ 1mf1i'lJ~tI 

~f1'UlffnllJm fl11lJl.u'1J'\rlJ'\Jtl~ EC3 ij~l~l"1~fitl 0.0-1.2 1lJ 1mf1i'lJ~tl~f1'UlffnllJm lm~ij 

fi1m~rJ 0.6±O.4 1lJ 1 mf1i'lJ~m.lf1'UlffnllJ~~ fi'~~l~l~~ 4.17 

lrltl~ ~n W lfl11lJl.u'lJ.u'lJ'\Jtl~tI~fi'11~~f1t1'Ufll{ tJtllJ i lJ PM 10 i lJ ~tl'U1lJm ~rJ ~'Uil 

OC2 OC3 OC4 EC1 ij~l{!~"1~ 8.9±2.8 16.2±2.3 9.1±2.7 U(l~ 13.1±2.4 1lJ 1fl~f1i'lJ~tl~f1'Ulffn 

llJlfI~ IfIlmhfi''U 'lJ'li1~l1m 18.00-21.00 OC1 ij~l{!~"1~ 2.9±1.l 1lJ 1mf1i'lJ~tl~f1'UlffnllJlfI~ 

'lJ'li1~11(l1 00.00-03.00 lJ. EC2 ij~T"'~ff~ 1.5±0.2 1lJ 1mf1i'lJ~tl(lf1'UlffnllJ~~ ilJ'ih~l1(ll 
~ . .. 

06.00-09.00 lJ. lm~ EC3 ij~l{!~"1~ 0.8±0.3 1lJ 1mf1i'lJ~tl~f1'UlffnllJ~~ 'lJ'li1~11(l1 12.00-

15.00 lJ . ri1lJ OC2 OC3 OC4 EC3 ijfh~lff~ 5.9±0.1 10.5±1.3 5.6±0.5 0.4±0.6 1lJ 1mf1i'lJ~tl . 
~f1'UlffnllJ~~ ~llJihfi''U 'lJ'th~l1m 09.00-12.00 lJ.OCl ijfh~l"1~ 1.2±0.2 1lJ1mf1i'lJ~tl 

~f1'UlffnllJ~~ 'lJ'ih~l1(ll 06.00-09.00 lJ . U(l~ EC2 ij~l~l"1~ 1.0±O.3 1lJ 1mf1i'lJ~tl~f1'Ulffn 

llJm ilJ'lh~l1m 00.00-03.00 lJ . (~l~l~~ 4.19, fI1~~ 4.15) 
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.,; " " ".1 .. 1 1 ",.d 1 1 '" I Vll'nnl 4.19 T111lJl'IJlJ'IJ'\.J'lJfl.:Jfl.:JTlu~::m)UmnJfl'\.J '\.J PM
IO 

'\.J~flU1'\.JlmHJ ( lJ mmlJ~fl 
. " . 

'lf11JlfH)llJm) ~::l1'".in1'\.JYi 18-21f1lJfll-W'\.J,j' fut 2551 U~l1tlJ'~'\.JYif1mlll'IJml'lf 
~ . 

" d '" 
1'Y11 f1~.:Jl'Yl'VIlJ111'\.Jm ('lI'\.Jf1m.:J) 

v v '\1 ~ ~ , ....,; 1 frlllll"1I"'I-I"0-3fNfl '.i::001.Jfll':i1J0'1-1 '1-1 PM 10 'I-I'.i01.Jl'1-111HUJ (~glm . . . 
<Q .4 ct.::t q '" 

1.J'.inW'VI'l-lYlflO~ll"ml'llIYll Ol-31Y1'V111't11'l-lfl'l ('V'I-IOaH) 

run TC OC EC OCI OC2 0C3 OC4 ECI EC2 EC3 

06.00-09.00 \I. 36.3±S.3 27.2±3.S 9.1±1.8 1.2±O.2 7. I±O.9 IO.8±1.0 S.8±O.9 9.1 ±2. 1 I.S±O.2 O.8±O.4 

09.06-12.00 \I. 33.2±S.6 26.2±4.1 7.1±1.9 1.9± I.S S.9±O.1 IO.S±1.3 S.6±O.S 7.7±2.1 1.3±O.4 O.4±O.6 

12.06-15.00 \I. 34.4±2.7 27.8±1.9 6.6±I.O 1.2±O.3 6.S±1.0 11.4±O.S 6.3±O.3 7. I±O.6 1.l±O.3 O.8±O.3 

15.00-18.00 \I. 39.7±6.7 33.I±S.7 6.7±I.S 1.3±O.2 7.7±O.7 13.5±2.9 7.4±J.5 8.3±1.2 1.l±O.S O.S±O.S 

18.06-21.00 \I. S1.8±11.6 41.1±8.7 IO.7±3.0 2.7±1.I 8.9±2.8 16.2±2.3 9.1 ±2.7 13.1±2.4 1.3±O.6 O.S±O.4 

21.00-00.00 \I. 46.3±IS.8 3S:2±12.9 11.l±3.1 2.2±1.I 8.4±2.9 14.2±S.6 7.8±2.4 11 .6±4.6 1.2±O.3 O.7±O.6 

00.00-03.00 \I. 47.1±12.6 36.7±9.8 1 0.4±3. 1 2.9±1.1 7.8±1.6 14.8±3.7 8.1±2.6 11.7±3.8 1.O±O.3 O.7±O.3 

03.00-06.00 \I • 36.1±2.8 28.9±2.8 7.3±O. 1 1.2±O.2 6.7±O.4 11 .6±1.4 6.0±0.7 8.7±1.4 1.2±O.4 O.S±O.6 
I .: 

flllilUtJ 40.6±4.9 32.0±3.9 8.6±1.J 1.8±O.S 7.4±J.1 12.9±1.7 7.D±1.0 9.7±1.3 1.2±O.1 O.6±O.1 

.EC3 

.EC2 

IiiiIECI 

'j . OC .. 

• OC3 

:1 .00 
~ .OCI 

H .e ..... , .oo 09.80-12.'. 12.'~ I ~.oo IS.Oo-lM.OO 18.0 .... 2 1.0. 21.0"'08.00 " .00-0) .00 03.&0-06.00 

n al 

.,; " " ".1 .. 1 .d 1 1 I ill'YfYl 4.15 T111lJl'IJlJ'IJ'\.J'lJfl.:Jfl.:JTlu~::f1flUm~Ufl'\.J '\.J PM ,O 1'\.J~flui'\.Jm'lti ( lJ mf1i'lJ~fl 
" I Q.I.oJ Q.I " A ~.d~ 

'lf11Jlfl'mlJ~~) ~::1111.:J1'\.J'Yl 18-21 f1lJfll'VI'\.Jli 'VI.fl'. 2551 U~l1W'VI'\.J'Ylfl'f11JlI'IJ~~l'lf 
~ . 

" d '" 
1'Yl1 f1~.:Jl'Yl'VIlJ111'\.Jm ('If'\.Jf1m.:J) 

" '" 3) 'Jf'\.JU'\.J 

Q.I ,.,,., c( ... 1 "1 I IV.d 
~'lf1U~n~1~T111lJ1'IJlJ'IJ'\.Jfl.:JTlu~::f1flUm~Ufl'\.J '\.J PM ,O ~::111H1'\.J'Yl 18-21 

fJlJfll-W'\.J,j' 'VI .fl'. 2551U~l1W~1~Yh h.:JmlJ1ul1t1f1fff1ltl C1Ul1t1f1 2) lrlflYi~1~W1U~'l::ri1'\.J'lJfl.:J 
" ..:9 I I ,., ,., ~ 

m~Ufl'\.J T1fl OC1 OC2 OC3 OC4 EC1 EC2 1m:: EC3 'VIU11 mTl11lJl'IJlJ'IJ'\.J~1"'l~-"l.:J"'l~ 'lJfl.:J 
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OC3lj~lff.:j""f't fifl 8.0-18.5 'lJ 1mf)i'lJ~mlfltJ1ffnllJ~':i u~~lj~lm~tI 13.4±2.8 'lJ 1mf)i'lJ~fl 
~ "' ~ 

~f)tJ1ffnllJ~':i fl11lJI~lJ~U~1~~-~.:j~~'lJfl.:j EC3 n~l~l~~fifl 0.3-1.1 'lJ 1m f)i'lJ9imjf)lJlffn 

IlJ~':i Url~lj~lm~tI 0.5±0.2 'lJ 1fl':if)i'lJ~flrlf)tJ1ffnllJ~':i ~.:jm':il'l~ 4.7 
~ 

Irlfl~~l':iW lfl11lJt~lJ~U'lJfl'lfl'lfi"lh~f)fllJm{lJflU i 14 PM IO i 14 ':i fllJ 114m ~tI .... lJ',11 

OCI OC2 OC3 ECllj~l~'1~~ 2.1±1.3 8.1±0.7 16.0±0.6 UrI~ 11.5±1.2 'lJ1mf)i'lJ~fl~f)lJlffn 

IlJ~':i ~llJCh~lJiU'lh'ltdrll 21.00-00.00 Ulwm OC4 n~lff'lff~ 8.4±0.4 'lJ 1mf)i'lJ~flrlf)tJ1ffn 
~ . .. 

IlJ~':i lU'li1'1tdrll 18.00-21.00 U. ~l EC2 n~lff'lff~ 1.6±0.3 'lJ 1mf)i'lJ~flrlf)lJlffnllJ~':i lU'li1'1 .. . .. 

Q' • 

12.00-15.00 U. UrI~ OCI OC2 OC3 OC4 lJmm~f't 1.0±O.4 6.0±1.6 10.0±3.0 Url~ 4.5±1.9 

1lJ 1mf)i'lJ~flt1f)lJlffnllJm ~llJ~l~lJ iu'li1'1tdm 03.00-06.00 u. ECI nfh~l~f't 6.8±1.4 

'lJ 1mf)i'lJ~flt1f)tJ1ffnllJ~':i iu'li1'1tdrll 06.00-09.00 U. u~~ EC2 n~l~l~~ 0.9±O.3 'lJ 1mf)i'lJ 

, 0' i' .d d 
~flrlf)tJ1fff)tlJ~':i U'lf1'1tdm 00.00-03 .00 u. (~l':iHY1 4.20, m ..... Y1 4.16) .. 

, 
.:t " " 0'. I 0' i iii 1 "" 0' i Vll'lH't14.20 fl11lJI'lJlJ'lJU'lJfl'lfl'lfl1J':i~f)fllJm':ilJflU 14 PM ,O (1lJ mmlJ~flt1f)lJlfff)tlJ~':i) 14 

t I " , 

':ifllJ1um~tI ':i~'I1il'llUn 18-21 f)lJm~u£ ..... ff. 2551 lJ~tdUrWUnffm.l1 1'lJ~':il'b' • 
" Q '" 

1'VI1 f)~'1t'Yl""lJ'I11Um ('b'UlJU) 

II II '1.1 ~ ~ 1 .., 4 ) mUJI'Il)J'IlU'Il0-i1Mfl 'l:::001.Jfll'n.J0U U PM
10 

U'l01.J'lUlmltJ {J.lglm . . . 
.Q, 4..cI4 Q '" 

mnw .... UYlI'IOl:lll'llfl'll1fI'Yl'l 01-il1Yl .... )J"I11Ufl'l ('lfU1.JU) 

mn TC OC EC OCI OC2 OC3 OC4 ECI EC2 EeJ 

06.04Hl9.oo \.I. 32.7±5.9 26.7±5.3 6.0±0.8 1.0±0.1 6.2±O.9 11 .9±2.8 5.0±O.9 6.8±1.4 1.3±O.2 O.5±O.l 

09.06-12.00 \.I. 43.3±7.0 34.9±5.6 8.3±2.5 1.0±0.3 8.1 ± 1.4 15.9±2.7 6.9± 1.1 9.2±2.8 1.6±O.3 O.6±O.1 

12.00-15.00 \.I. 36.2±3.3 29.4±3.2 6.8±O.4 1.2±O.1 6.7±O.6 12.2±1.3 6.6±O.9 7.5±O.9 1.3±O.3 O.7±O.3 

15.00-18.00 \.I. 41.1±4.1 34.4±3.5 6.7±O.9 1.9± 1.2 7.2± 1.3 14.0±1.4 7.4±O.9 8.9±1.2 1.2±O.2 O.5±O.2 

18.06-21.00 \.I. 43.5±7.8 36.6±6.7 6.9±1.l 1.9± 1.4 7.3±O.9 14.8±3.5 8.4±O.4 9.7±2.l 1.0±0.l O.4±O.O 

21.00-00.00 \.I. 47.8±2.9 37.9±2.1 9.9±1.4 2.1± 1.3 8. 1±O.7 16.0±0.6 8.0±0.7 11.5±1.2 1.4±O.l O.6±O.l 

00.00-03.00 \.I. 37.00.9 29.6±3.2 7.4±I.O 1.8± 1.3 6.7±O.9 12.1±O.9 6.2±O.8 9.0±1.2 O.9±O.3 O.5±O.2 

03.00-06.00 \.I • 31 .2±8.9 25.2±7.7 6.1±1.2 1.0±0.4 6.0±1.6 IO.0±3.0 4.5±1.9 7.9±2.2 l.l±O.2 O.7±O.1 
, .. 

fllliliUJ 39.1 ±2.2 31.8±2.0 7.3±O.6 1.5±O.6 7.0±O.4 13.4±J.1 6.6±O.4 8.8±O.7 1.2±O.1 O.5±O.l 



.EO 
_ - .-------1 

.EO 

- -fW!r;o.. - -... __ --i .OC • 

• 0Cl 

.00 

.OCt 

06.60-09.00 " .... 12.08 12.0&-15.00 15.00-111.00 11.00-21.00 21.00-60.00 00.0&-03.00 03.00-06.00 

I'lDl 
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., " , 
CV Q 'QI Q Q.J " ~ <I!l d£t d 

TI.mHW 'l::'I111.:jl'U'Vl 18-21 f)lJ.fll'W'Uli 'W.fl'. 2551 'U'lldW'W'U'Vlfl'f)'l:ll 1'U~'l1'}U'Vll • 
" f) H L'Vl 'W lJ 'I1l 'U m (i''U 'U 'U) • 

"" tI tI ~ Q.I , ~ 
fllllJ1'UlJ'U'U{).:jm.h::m)'Ufll'l'U{)'Ui'U PM ,O 'Yl.:j 3 'l::fl'Ui'Uf)~.:j1'Vl'WlJ'I11'Wm 'W'Ull 'l1'W 

~l.:j ihll OC1 11Cl:: OC2 1~~tt\1.:j~fl ~{) 3.7±0.4 9.3±2.5 ilJ 1mf)i'm){)~f)'Ulr(fl1lJ~'l ~llJ"l')'U 
" . cv d • d., CLI 

'l1'Uf)Cll.:j lJfll OC3 OC4 EC1 11Cl:: EC3 mCltt\1.:j~fl L'Vllf)'U 16.2±2.3 9.1±2.7 13.1±2.4 1m:: 

" . 
O.6±O.4 'lJ 1mf)i'lJ~{)Clf)'UlfHl1lJ~'l ~llJ"l')'U 1m::i''W'U'Wihh EC2 m~m;".:j~fl L'vhn'U 1.6±O.3 .. .. "' 

" . . 
95% ~{)ihll i 'Ui''W'U'U';l~fl EC3 1)::ih)l11~f)~l.:jn'W i'Wl]f1':i ::')'Ufl11lJ'J.:j {)Vl.:jih1tt1;hri'qrvh::,)'U 

fllllJ1~mt'U 95% ffl'U{).:jrl1.J'l::f){)'Ug'W'1 i 'Ufll{'U{)'W ~1lJ':i ::')'Ufl11lJ'J .:j1):: 'l.i11~f)~l.:jn'W 

1rlVYi1)l':iWlfllllJiYlJ't~''Ulh::'I11N OC 11Cl::EC n'U PM ,O 1fltti~ff(j~'I11TlliYlJ1.J'l::ff'Vli 
QlQltI .!. ~ d QlQ,ltI eLI 'd 

ff'l1fflJ'W'Uli ( r ) 'W'Ull 'l1'UCll.:j11Cl::'l1'W'U'U OC 11Cl::EC lJfllllJfflJ'W'Wli'Vll.:j'Ulf)f)'U PM 10 {)ttl.:jlJ 
, , , " 

t!mhri'ty.yh::,)'UfllllJ1~mj''U 99% ffl'Ui'Wi''W~l.:j OC ijfllllJiYlJ~'W,rm.:j'Ulf)n'U PM ,O mh.:jij 

Q.I 0 Q.I d Q.I 4 c:.. d cv Q.I tI Q.J I dQl 0 cv d Q.I 

'Uttfflflty'Vl'l::fl'UfllllJ1'l1VlJ'U 99% EC lJfllllJfflJ'W'Wli'Vll.:j'Ulf)f)'U PM IO {)ttl.:jlJ'Wttfflflty'Yl'l::fl'U 

.4 c:., ~ 'Q.I QI ",1 d i" I " " _I fllllJL'lfVlJ'W 95% 9$.:j1)1f)nl'l'l11fllfllllJfflJ'W'Wli'W1)::L'I1'W flllf111lJ1'UlJ'U'W'U{)~ OC 1m:: EC LLlJ'l 

F1''W~Hn'UfllllJ1~lJ'I.~'U'U().:j PM 10 i 'Wl]m::')'UfllllJ'J .:j~yjlnl'l ffmn 

fllllJ1~lJ~'U().:jrl1.J'l::f)()'UfIl{'U{)'Wi'WPMIO i'WH)'Ui'Um~tt i.:j 3 'l::')'Ui'U 

" , Q.I , d 1 a 
f)~.:jL'Vl'WlJ'I11'Wm 'W'Ull 'l1'UCll.:j EC OC1 11Cl:: OC2 lJfll'J.:j~fl flV 12.2±1.6 3.7±0.4 9.3±2.5 

" 
ilJ 1mf)i'lJ~V~f)'UlfHl1lJ~'l ~llJ~l')'U i''Wf)Cll~ TC OC OC3 OC4 EC1 11Cl:: EC3 ijrll\1.:j~fl 
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51.8±11.6 41.1±8.7 16.2±2.3 9.1±2.7 13.1±2.4 tl(l~ 0.8±0.3 'lJlmf1flJ1ifl(lf1'lJ1i'tnLlJlPl'J 
<u .. 

1Pl1lJihfl'lJ tl(l~i'Uuu EC2 iifh~.:JbllPl fifl 1.6±0.3 'lJ lmf1flJ1ifl~f1'lJli'tnLlJlPl'J tlbYlPl.:J'h1'Ll1'U11 i'U 
~ y ,~ 

i'U f1(ll.:J L1(l~i'U 'lJ'U l'l 'lJ fl.:Jrllh ~ f1fl'lJ'\J fl.:Jm{ 'lJfl'U i 'U '}IiJ lPl'Yiii W.l1lJL bYG V'J 1J1 f1 f111 i 'U i'U ri 1.:J ~h'U 
.. 

, ~ 0 Q.I I d I 

mm(lVlPl1bllPl 'If'U(lN TC OC EC OC2 OC3 ECI EC2 tl(l~ EC3 lJm 29.3±5.2 21.8±4.7 5.7±0.8 
.. 

5.3±1.6 8.7±1.9 6.6±0.9 0.9±0.1 tl(l~ 0.1±0.1 'lJ lmf1flJlPlfl(lf1'lJli'tnLlJlPl'J \PlllJihfl'lJ i'U'lJ'U OCI 
<u 

OC4 tl(l~ EC2 iifh~lbllPl 1.0±0.4 4.5±1.9 tl(l~ 0.9±0.3 ilJ lmf1flJ1ifl~f1'lJli'tnLlJlPl'J \PlllJihfl'IJ 

lIPlV-M1.:JLd(ll~iirlml~V~.:Jbl~i'Utl1i(l~rl1 ff1'Ui'HtY'~tln -M1.:JLd(ll 18.00-21.00 'U . tl(l~ 21.00-

, " "" 
00.00 'U. ff1'U-M1.:JLd(l1'Yiiirl1m ~V1l1bYlPl i 'Utl1i (l~rl1 ff1'U i 'HW i'U i'U ri 1.:J tl(l~ i'U f1 (ll.:J '~tl n , u 

" " I 

-M1.:JLd(l106.00-09.00 'U. tl(l~ 09.00-12.00 'U. tl1ii'UoM'U'IJ'U-M1.:JLd(l1-niirlml~V1l1bYlPl ff1'Ui'HW , u 

'" " IPltlf1'lf1.:JLd(l1 03.00-06.00 'U. 

fI.:J rl 1.1 'J ~ f1 fI'IJ m{ 'IJ fl 'U iifl11lJ ii'm1' 'U,jtl 'IJ 'IJ tl 1.1 'J Y.If1 H'U \PlllJ tl 'U tl 'IJ fl11lJL ~ lJ'1j' 'U '\J fl.:J PM)O fl d N ii 

,:rVff1rity~'J~fl'IJfl11lJL~mr'U 99% i 'U'VJm~fl'IJfl11lJ~.:J LrlflYi 'il1'J Ul1fl11lJL~lJ~'U '\Jfl.:J PM JO '\JfI.:J 

~'U~ffmnf11.:JL'Yll'llJ'H1'Um (IPlnN~ 4.5, fl11'1~ 4.5) 'il~L11'U11 PM)O i'U'VJm~fl'lJfl11lJ~.:Jiirl1 
.1 i ' <!I , '" ... .,j Q "'.1 '" i ... bY .:J'\J'U 'U 'lf1.:JLd(l1f1(ll.:Jfl'UL 'If'U LIPl V1 f1'U LlJ fll'l 'ill'J Ul1 fI.:J fl u 'J ~ f1fl'IJ m'J 'IJ fl 'U 'U 'Yl m ~ IPl 'lJ fl11lJ bY.:J 

<u , <u 

'\Jfl.:J~'U~ffmn l'l'IJ11 iifl11lJL~lJ~'U'\Jfl.:J OC3 bY.:J~bY~ 'JfI.:J(l.:JlJ1fifl ECI tlbYlPl.:Jil1'L11'U11 .. , 
" "" , , 

tl'H ri.:J tl1L iJ IPl m{'lJ fI'U 11.:JbY1lJ'J ~ fl 'lJoM'U '\J fI.:JoW'U 'Yifff1lJ 1 lJ 1 'ill f1 f1 n 1.1 (l1Pl 1.1 ri flV' m ffV 'ill mfl1 fl.:J V'U ~ 

L'IJ'Uci'U tlrl~ n1C)1t111Pl'JL~VlJL'H(l1 (LPG) L1J'Umlf1 ff1'U OC2 ~l'l'IJlJ1m1JW)'Ufl'lJ~bY1lJ 'lJflf1 '1~11 
'" • 1 • I' '1 '" .,j "'''' " m'J'lJfI'U1J1'il1f1f11'Ju(llPlurlflV elnW'il1mmfl.:JV'UIPlIPlLC)I(l1Pl1V (Cao tl(l~flUl~, 2006) tlrl~'il1f1 .., .. 
~ " ,., Q.I .4 d~ d I I 0 ~ 

f11'J i'tf1El1'H 1fl 11lJL'\JlJ'\J'U '\J fl.:J P AHs \PlllJ'J ~1Pl 'lJfl11lJ bY .:J'\JfI.:Jl'l'U 'Yli'tf1fJ 1'U l'l'lJ 11 tl'H rl.:J fllL 'U 1Pl'\J fl.:J .. 
PAHs ~.:JL1J'U ff1'U tl'J~ f1fl'lJ i 'Um{ 'lJfl'U lJ 1 'il1f1f11'J tl(llPltlri flV'il1 m ~m l'l ~ .:J~L9fm -M'U tl'U (li \Pll, 

2552) Lclfl.:J'il1f1 OC2 OC3 ~.:Ji~flUl'H.f)iJi'Uf11'JiLfl'J1~Mfldi'U-M1.:J 350°C tlbYlPl.:Jil1'L11'U11 , <u .. 

"'.1 "', i ,.,; ... '" ~ fl.:JfllJ'J~f1f1'IJm'J'lJfl'UbY1'U 'Hty'YlIPl'J1'il11Pl IPlLU'U VOC (Gelencser, 2005) 

.. '.9.... 
bYO~ l'l'lJ 11 oM'U ri 1.:Jiifl11lJ ii'lJ TI'U,j bY.:J'Yi bYlPl 9f.:J i f1 ~L~ V.:J tl'lJi'U f1 (l N tl rl ~ i'U 'lJ 'U ii fl11lJ ii'lJTI 'U,j .. , 

~lbYlPl fifl 0.441 fl.:J.f111'1~ 4.17 tl(l~ V.:Jl'l'IJflf111 OC tl(l~ EC i 'Utl1irl~ 'J ~fl'IJfl11lJbY .:Jiifl11lJii'lJTI'U,j , <u 

Q.I t QQ.f 0 tV d Q.I a c:, Q.I Q.I " d~' ~ 
f1'UflV1.:JlJ'UVbY1flru'Yl'J~IPl'lJfl11lJL'lffllJ'U 95% fl11lJrl'lJl'l'Uli'\Jfl.:J OC tlrl~ EC 'Yl'lf'U(ll.:Jtlrl~'}I'Uf1(ll.:J 

u 



16.0 - ,-----. --- -.-----.. 

iNUN Rl - U.441 • 
'4.0 --.-.- - - -.--.:--------1 

12.0 ---.------ ----.-.------- - +--- ---------1 
,..... .j\.nh~ R

J 
- 0 .656 ... • ! 10.0 +---_____________ .-~~~~~~4C .. -------------~ 

t j 8 .0 

t 6 .0 - -_.-_. _ . __ .- ... - . 
... ~ ... 

•. 0 +-----------------------------

2 .0 -- - - -
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0 .0 -f------,-----..,.------,-------..,.----------,-------j 

0 .0 10. 0 SO.O 60.0 

fI1'Yt~ 4.17 fflJ,h::iY'YItffl1fflJ~lJ£'U6~ OC I1Cl:: EC 1lJPM ,o 'J::111W~lJ~ 18-21 fJlJm~lJ£ 'VUf. 

" . 
2551 ~11lJ'j::~1Jfl11lJff~ 1J~nW~'\.J'Yiffmn 1'U~'J1'lH'YI1 nH1'Y1'YtlJ111lJfI'j 

'II • 

CI" 0'_ I 0' 1 1 "I ~ " m'Jffnll1'Jmm::'U6~6~f1lJ'J::n61JfIl'J1J6lJ lJ PM IO ~tJll::m6nrrnll1 'J6tJCl:: 

'U6~ TC OC 1m:: EC 1lJ PM ,O 1illtJ1JlntJ1Jm1lJl1~n~1~n1J f111lJ1,rlJ,rlJ'U6~ TC OC 1m:: EC 1lJ 
." . 

, I ..c:t" 1 QI .d I ~ " I d" 

PM IO 'Yt1J11 f11mCltJ'J6tJCl::'U6~ TC lJ PM IO 'lflJnm~ lJfIl"l~~~ f16'J6tJCl:: 36.0±6.9 fIlmCltJ'J6tJ 

" " 
1 '" • 1 "'" ... 1 Q.I Q.I 4" Cl::'U6~ OC lJ PM ,o lJfIl"l~~~ nCl1f1tJ~nlJ '\.J'lflJnm~I1Cl::'lflJ1JlJ f16'J6tJCl:: 28.4±5 .2 28.5±4.5 

~llJih~1J I1Cl:: EC 1lJ PM 10 ij~1l'il~tJ~6tJCl::"l~~~1lJ'5lJnm~ fi6~tltJCl:: 7.6±1.9 ~~~l'JH~ 4.21 

run TC'U PM" (%) OC'U PM .. (%) EC'U PM" (%) . . . . . 
i'UDH i'UOUH i'uuu i'UDH i'umm i'uuu 

u , 

i'umm i'uuu .. UU1.:1 

06.00-09.00 u. 28.8±J.7 36.8:1:5.2 31.7*7.5 21.1*2.7 27.5%3.4 25.9:1:6.7 7.7*1.1 9.2±1.8 5.8±0.9 

09.06-12.00 u. 27.5%5.4 35.5*7.7 37.7%5.2 20.8%4.4 27.9%5.1 30.5%4.4 6.6*1.3 7.7%2.7 7.2%2.0 

12.00-15.00 u. 30.7%5.0 33.6%4.6 33.2%3.4 25.2%4.3 27.1%3.2 27.0±2.7 5.5%0.7 6.5*1.4 6.3*1.0 

15.00-18.00 u. 33.6%0.2 35.6%5.8 37.4%4.3 27.2%0.4 29.6%4.4 31.3%3.9 6.3%0.2 6.0±1.6 6.1%0.5 

18.06-21.00 U. 38.7%6.6 41.0±10.3 37.9%5.6 30.2%5.2 32.5*7.7 31.8%4.8 8.6±1.6 8.5%2.6 6.0%0.8 

21.00-00.00 u. 32.6%5.3 34.2±11.6 34.7%6.4 24.4%4.3 26.0±9.3 27.7%5.7 8.2±1.0 8.3%2.6 7.1%0.8 

00.00-03.00 U. 31.2%2.7 35.7±7.2 32.8%4.0 23.9±2.7 27.9%6.1 26.3%3.6 7.3%0.6 7.8±1.5 6.5%0.4 

03.00-06.00 u. 31.4%4.4 35.9%2.6 33.8%4.0 24.5%3.6 28.7%2.1 27.2%3.8 6.9%0.9 7.2%0.7 6.6%0.3 

tl1ltlDU±SD 31.8%4.2' 36.0±6.9
b 

34.9%5.1 ' 24.1±3.S' 28.4%5.2
b 

28.5±4.S" 7.1%0.9 ' 7.6±1.9· 6.5%0.8' 

'I1lJ1rJllHr a.b.t fltl!tlrJa:: 'II tH TC OC lla:: EC 111 PM,. 1::'I1iH'~llfl11lJ\'!~~1ithll.,fl~1~tilltlVHihrmhtitymH,.ii~~1 :: ilJfl11lJ 
A ~ 

l'IItllJll 95% 



I " I " " 

mn.:J um: ~h'l~ i'Ui''Uril..:J "h'Ufmm::'lJu..:J oc i'U PM 10 \l::'YfUfll1\1~tJ"l..:J"l~ i'Ui''UfHll..:JU'C'l::i'U 
." . 

U'U ril'UflW'il"l~\l:: .... ui'Ui''Uril..:J l'lf'Ul~tJlfiu TC U,,:: EC lijUl1J~tJUl'YitJUfllfutJ'C'l::i'U PM
10 

, ! ,., c.c. d ,., I ,., d , ~, 
~::'Hl1..:J'lf'Ufll1lJ"l..:J 1~tJi'lf'CY()~ \l::l'H'Ui~11 ~UtJ'C'l::'lJU..:J TC U,,:: OC i'UPM 1o lJfI1i'U'lf'U'C'lVl 

"" I I , 

U1Ifl~1..:J\llfli''Uflm..:JU'C'l::i'Uu'U uVl..:JihJmhr1t1Jlh::~Ufll1lJl~mj''U 95% ril'U EC i'U PM 10 \l::ij 

" . 
fllU1Ifl~1..:Jfi'U i 'U'Ylm::1lui'U -viti lfll1ffmn • 

\llflfl1~lmtJUl-vitJufllm..:J'CY()~'lJu..:J TC OC EC i'U PM IO i'UU~"::~::~Ufll1lJ 

I " ".1 "i " " ".1 " "l..:J ~::'Hl1..:J~ UtJ'C'l::'lJU..:JU..:Jflu~::flUUfI1~UU'U 'U PM 10 U"::fll1lJl'IJlJ'IJ'U'lJU..:JU..:Jflu~::flUUfll1UU'U 

i d i'" I ," i ., i" 'U PM 10 \l::l'H'U ~11l~1'CYllJl1()UtJflfll1lJU1Iflm..:J~::'Hl1..:J~UtJ'C'l:: 'U PM IO mm::~Ufll1lJ"l..:J ~ 

., .;,..J..; d ., i " "" ".1" ., & i I 
'lf~l \l'UtJ..:J'IJ'U llJ m'YltJUflUflU 'lffll1lJl'IJlJ'IJ'U 'lJU..:JU..:Jflu~:: flUUfI1~UU'U \llflflU 1In\l1~ 9f..:J lJ 

'CYllJl~ ()UUflfll1lJU1Ifl~Hm..:J'CY()~i 'UU~"::~ ::~Ufll1lJff..:J i~ ~..:Jm~ 1..:J~ 4.22 .. 

Tc1u PM .. oc1u PM .. Ec1u PM .. . . . . . . . . 
" I -wumm -WUtlU -wu"h~ -wumn~ -WUtlU -WUDH -wumm .. UOH 

(%)thlfl nV±SD 31.8±4.2' 36.0±6.9
b 34.9±5.1 b 24.7±3.5 ' 28.4±5.2

b 28.5±4.5 b 7. I±O.9' 7.6±1.9
b 

• .j 
(C)tl1lf1fW±SD 37.8±9. I' 40.6±IO.O' 39.1±7.4' 29.2±7.0' 32.0±7.9' 31.8±6.2 ' 8.6±2.5' 8.6±2.6' 

111J1Vll1~ : •. b,c tit) TC DC 1I11::EC lou PM,o '::l1iw5'Ufl111J\1~~jjthll~Mh~n'Ut)ril~jjuvriltiOJm~rril~~'::ilJfl11lJl~t)tt'U 95% 

: (%) tit)!t)!m::~t)~ TC DC 1I11::EC 1'U PM,o 

: (C) tit)t111lJl,j1J,j'U~t)~ TC DC 1I11:: EC 1'U PM,o 

tFl~'I.h: ntnJ 
10tl~:'lJ0-3 OC ua: EC l'U TC 

w w w ... , ... ... , 'If'U~1-3 'If'UOal-3 'If'U'I.J'U 
tll1'I.J6'U , . 

flllilUtJ ±SO 
I • 

flllQUtJ ±SO 
I • 

flllQUtJ ±SO fIlflUIR·U~'lR fIlm'lR-U~'lR fIlm'lR-U~'lR 

OC 72.7-82.9 77.4±3.I" 71 .2-84.9 78.9±3.3 • 76.9-85.4 81.4±2.4
b 

EC 17.1-27.3 22.6±3,1 • 15.1-28.8 21.1±3.3 • 14.6-23.1 18.6±2.4
b 

" <9" i"" '" \llflfl1~F1'fl'hll'Hl~UtJ'C'l::'lJU..:J OC U,,:: EC 'U TC 'Yl..:J'CYlm::~Ufll1lJ'CY..:J~..:J .. 
1I111..:J~ 4 .23 .... u,h OC 1'U TC ijfllf~)tJ'C'l::1\1~tJ 77.4±3. 1-8 1.4±2.4 ~..:Jijll'Ulhj'lJ'lJU..:Jfll1\1~tJ\l:: 

. 
-WUtlll 

6.5±O.8< 

7.3±1.6 b 



76 
~ .1 Q.I .c:I' fjJ.c:I Q.I ~ ~ det I 

1VilJ'\JlJmlJ'j:;~Ufl11lJ"l~ U(l:;lJfl11mUmJ~flU OC 1lJ TC '\J6~ PM IO 1lJ1lJ6~Uflfl~'YIlJfl1 76% 

(Duan 1m:;f)tu:;, 2004) 1mdhl1"l~fl'h OC 1lJ TC '\J6~PM2.5~ViU~1 70% 1lJ!lj6~Ufl~~ (Dan 

, 1 .c:I1)/.d 1" 'dfJ,l 
l!(l:;f)tU:;, 2004) ff1lJ EC lJ TC lJfl1)6V(l:;mMJ 18 .6±2A-22.6±3.1 UlJ1 lJlJ'\J6~fl1m(lV)6V(l:; 

• " I " 

~:;(l~(l~~1lJ'j:;~Ufl11lJff~ 1ij6~~lfl EC ~:;1J1~lflU'I1ri~fi1!'iJ~ 1lJ~lJl1 1m:;u'I1ri~fi11l1~'Ii'lJ~lJlh .. 

" ~lflfl1)~hm1:;11''YI1~ffi)~ ViUl1~6V(l:;'\J6~ OC 1m:; EC 1lJ TC 1lJilJUlJ~~1 
"" , 

u~mil~nuilJ riH U(l:;ilJ ml1~ 6dH~Uv~hf1Wl1):;~Ufl11lJ1~mjlJ 95% U(ldilflU'I11 
" 

H(lfl1)~)1~1~6~fhh:;fl6Ufl1{U6lJ1lJHlJ(l:;66~'\JlJ1~ 1li1nlJ 10 1lJ 1m1lJ~) ):;'I111~ . 
, " , cv d cv tI cv a .cS.:::9 d 

1lJ'YI 18-21 fllJ.fl1VilJ1i Vi .fl' . 2551 ~1lJ'j:;~Ufl11lJff~ VilJ'YIfl'fl1:l1 1'\J~)1'IH'YI1 flH!'YIVilJ'I11lJm . .. . 
U(l:;Ul1J1'111~la~ri1lJ'\J6~ OCIEC U(l:;'111~1 1 lJ) 6UllJ1ll ~V 1~6~fl1) 111~VlJmJ(l~'\J6~ a~ri1lJ .. 
OCIEC 1lJ)6UllJ ~~a~ri1lJ'\J6~ OCIEC ffl1J1H)1t1~lJ~'lfij;1~U'I1ri~fi11l1~'\J6~fl1{U6lJ1~ 

J/ ,.q .cit! tI ~ d ~ ~ 
~lflUlJU1~la~ri1lJ'\J6~ OCIEC 1J1'111f116lJ'YI)VfI1)U6lJ'\JlJ'YIff6~ (SOC) !'Yi6Vi~lHU1 

, " 
U'I1ri~fi11l1~'\J6~ oc l1~)1~1~ i~ ~1lJ'j:;~Ufl11lJff~ ~)lV(l:;1~V~~~~6 111ij .. 

Q,,/ tI QJ I ~ dl a .d.f ,J, 
21 fllJ.fl1VilJ1i Vi.fl'. 2551 ~1lJ'j:;~Ufl11lJ"l~ ViU11 'lflJUlJ lJfl1"l~~~f16 3.32-5.87 1m:;lJfl1m(lV 

",. , , 
Q.I , a loa .c:I I d Q.I.::t. .c:I 

4A5±0.71 'lflJm~lJfl1mff~ flU 2.66-4.84 1m:;lJfl1m(lV 3.51±0.65 ~~m)1~'YI4.24 )lV(l:;WV~ • 
" 'lJ6~ ~Hlfl1)~) 1~1~ 1 lJU~(l:;) :;~Ufl11lJff ~ ff11J1) tiff) 111~~~~6 111ij " . 

H(lfl1)~)1~1~ 1rl6U11J1'111fha~ri1lJ'lJ6~ OCIEC 1lJ PM IO u1nW~1~~161fl1'i~6~ 
" , 

)tlilJ 10 h~U)lJ1U'I1Vflff'YI (1U'I1Vfl 1) Viu'h fha~ri1lJ1lJ)6ullJm~V ~~lff~ff~ 4.54±OAO .. .. . 
, .. 

l!(l:;fIlVi'YI 4.18 



" .... 
2) ')f'UfHll.:J 
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m'lf11~~~';n)'!~ !rlfl'llllJll11~l'ff~ri1'U'lJfl.:J OC/EC l'U PM 10 'U~nW~l~~l 1HmlJ 

l'Ul1tJf1"l'YI <1'Ul1tJf1 1) 'Vi'U 'h ~lff~ri1'Ul'U~fl'Ul'Um~tJ ii~l"l.:Jr{~ 5.29±0.131'U'lh.:Jnm 18.00-

21.00 'U. UCl:;ii~l~lr{~ 3.02±O.23 l'U'lf1.:Jnm 06.00-09.00 'U.~.:J~1~1.:J~ 4.25 !!CI:;fl1'Vi~ 4.18 

" 
3) cM'U'U'U 

f.lClf11~~~1~1~ !rlfl'llllJll11~lff~ri1'U'lJfl.:J OCIEC l'U PM 10 'U~nW~1~~11HmlJ 

l'Ul1tJf1fff11tJ <l'Ul1tJf12) 'Vi'U';h ~lff~ri1'Ul'U~fl'Ul'Um~tJ ii~l"l.:Jr{~ 5.03±O.76 l'U'lf1.:Jnm 15.00-

18.00 'U. !!CI:;ii~l~lr{~ 3.89±0.49 l'U'lf1.:JnCl121.00-00.00 'U. ~.:J~nH~ 4.25 !!CI:;fl1'Vi~ 4.18 

" . Clt. ~ ~~ .cl 

fl11lJff.:J 'U~nW'Vi'U'YIfff11l1 !'lJml')f!'YI1 f1H!'YI'VilJl11'Um 
~ . 

. . 
... ..4 
'Vila'll'! 0\11 

.:; . 
WCm 

.nnJ'U 

.., , 
tT~H"l'U'IItH OC/EC . . 

, D , ~ 

fI1mq~-q·uI~ fl11iHItI ±SD 

2.66-4.84 3.51±O.65' 

2.47-5.62 3.85±O.78
b 

3.32-5.87 4.45±O.71 c 

111J101119j : a,b.c fi6ff~thU"6~ OClEC1 II PM 10 ~ :: 'Il1W5l1fl11IJU ~ ~iitill1~n~h~ nll6VH ihrlJthtiUJl11H"ii91~l:; ~Ufl111J 
A ~ 

1'lr61JlI 95% 

a~i.h'U'IItl.:J OC/EC''U PM •• ''U1tl'lJl'UIU~tI fl1)J1::~'lJmUJq.:J . . . ... , .., ... 
ni.11 'V'Ui.1H 'II'Umn.:J 'V'U'lJ'U 

06.00-09.00 'U. 2.75±O.07 3.02±0.23 4.42±O.58 

09.00-12.00 'U. 3.15±O.37 3.83±0.84 4.40±1.30 

12.00-15.00 'U . 4.54±O.40 4.26±O.50 4.35±0.49 

15.00-18.00 'U. 4.3I±O.17 5.03±O.76 5.16±0.48 

18.00-21.00 'U. 3.55±O.29 3.92±O.44 5.29±0.13 

21.00-00.00 'U . 2.97±O.25 3. 16±O.63 3.89±O.49 

00.00-03.00 'U. 3.28±O.46 3.59±O.64 4.02±0.37 

03.00-06.00 'U . 3.54±O.29 3.97±O.38 4. I 0±0.47 
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7.00 . ----- -~-~~ - -

6 .00 +-------------------- ~---- ------- ----------- ---- i'Unal~ 

---e- -i lnl U 

2.00 - -----.. -.-- - ... --- - .---

1.00 +--------------------------------1 

0.00 -t-------,----~--_____r---._--___,_---....,.._--___,.---__j 

06._ .00 09.00-12.00 12.00-IS.OO IS.00-IH.OO nD1 IH.00-21.00 21.00-00.00 00.00-03.00 03.00-06.00 

" " . 
~lnf)1':i'l11TiT5~ri1'\.J'lJtl~ OCIEC 1'U PM ,O 11~ 3 ':i~~lJfllllJ"l~1'U~'U-¥iffmn 1'lJ1I':il'lf 

" " " " cs I Go' .c:i' .c:l d ~ Q.I GI' 0 Q,I 

l'Yll n1~1'Yl~lJ111'UfI':i ~lJ1l 'If'UlJ'UlJfIllmW''l~'Ylrr~ HJ~'W~lJlfltl'lf'Un"l~ lm~'lf'U"l~ 1IllJm~lJ 

Q.I I 4,d. Q.I 41!1 .x 4 
"wrrl'U'lJtl~ OCIEC 'Yl~lJlJfIlUlhH'U1IllJfllllJCY~ fltlfllllJCY~lJln'lJ'U~~~lJ EC ,,~,,~ l'Utl~~ln .. .. 

" ". 
EC lJl~lnU11~~fhl'U~'Ii'U~'U 1'li'U1l1nf)1':ilHli11,j'1:jftll~~~'lJtl~1f1~tl~tI'U~ ~lm'iJi1tln~h hn ril'U 

" " ". & 
OC ~~lJl~lm1'l1~~fhliJ~11~'Ii'U~'U U"~11'11~~fhliJ~'Ii'U-¥iCYtl~ 91~11'l'U Secondary Organic carbon 

," " "1 t 

(SOC) 'th1M'~lJ OC -¥ii''Unm~lm~i''UlJ'UCY~n ·;hi''U~l~ lijtlyj~l':iUl1Tilm~tI'lJtl~ OCIEC 1'U'Yln .. . 
Q.I 'dol I 1"d I d' .d~J 

':i ~ ~lJfl11lJ"l ~U"~'tJn'lfl~ nm lJ fIllJln nll 2.0 11 CY~ ~ 111'11'U llf1l':i lJ tl'U 'Yl1fi~'lJ'U lJlllln tl'4 fllfl 

& '" .1"''''''' 1 .. 11 '" 'lJtl~ soc 91~1fi~~lnu{)mtll 11 1I1f1lJfltl" (Turpin u"~mu~, 1990a, Chow lm~ml!~,1996) lm~ 
. " 

~lnf)1':i111Tilff~ril'U1'UHllJ1'Um~tI YllJ 'h 11~ 3 ':i ~ ~lJfllllJ"l~ijTilff~ri1'U'lJtl~ OCIEC "l~rr~ 

i'U'lil~,jlt1()~~l CYl1'1191lJl~lnf)1':ilfi~ SOC 1'U'lil~nm~~n~11 ~nlt1"~16t1~ 1'Ul1l'1i'tl9itl i 'iJ u,,~ 

iJ~~tI'lJtl~U 11 ~~fhliJ~ EC ~lJl~lnf)1':i 'iJ,,~'iJ ~tltl'lJtl~lf1 t tl~ tI'U~~l91,,~~ijril"l ~ 1 'U 'lil~n"l~fl'U 

(Hildemann U"~flW~, 1991, Cao U"~flW~, 2006) U"~f)1':ilfi~ OC ~,,~,,~1'U'lil~n"ln"1~fl'U ~ 

ri~H" 1M'ff~ril'U'lJtl~ OCIEC ijTil~l"~ 1'U'lil~nmnm~fl'Ul'li'\.Jfl'U 

'li'llJflfl u'iJ':i HnH'U1IllJ':i~~lJfllllJCY~ yh 1M' ff~ril'U OCIEC ~yhf)1':i ~'hml~"rijTilu1In9il~n'U1IllJ .. . " 
':i~~lJfllllJCY~ ~lnf)1':ilmtllJl-¥itllJ'YlNcy(i~ 'lJtl~ OC ""~ EC YllJ ';h-¥ii''UlJ'U EC ijTil1111n9il~~ln .. 
" . 

i''U6'U'l ril'U OC iliijfll1lJU1ln9il~n'U1'Ul19i"~':i~~lJfllllJ"l~ 
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.... -=t<' v -=t 1 :1 

4.3.2.2 OUYI"nlfll'l1JOU'\l'WYlilM (Secondary organic carbon, SOC) U~U 

t'I::OO~'\lU1V1'"itnu 1 0 '",lf1"mJVI"l 

" . 
f1l'jf1fnl1fl'UYl~6m{m)'u.,j'tJ~~H)~ (SOC) i'U PM ,O 1V1tJii'rhffVlri1'U'Hl~ 
" " l.ok dId OCIEC lLCl::fl11'lJ1't1'lJ'tI'U'tI~N OC 1m:: EC 'lJ1'111m SOC C)I~ SOC 'Il::mmf1'j::Yl1JVlflf1l'j'lJfl~1'I1'U 

" 1m::f1l'j 1V1'UlLff~'tIfl~'lJ'fhl6i'U'lh~UltJmh~ij,rmhrlt1! (Turpin 11Cl::mu::, 1994) 'Illf),r'Uf11tJ1W'I11 
. " 

rh !(WCl::'tIfl~ SOC i'U OC 11Cl::'I11rilm~tJi'U'j()1J1'U ~~'jltJCl::1VtJVI~~~fl1uij 

'Illf)f)Uffmn ~1J-jl SOC lLCl::! ()tJCl::'tI ()~ SOC/OC ijril1\l ~ tJ'j 1'lJ~ ~q~ 

i ~... 11 QI' "'" OQ.l~ 'U'lf'Uf)ClH ~() 10.76±3.75 'lJ mf1'j'lJVI()Clf)1Jlf1f11'lJVI'j lLCl::'j()tJCl:: 33.26±10.80 Vll'lJCll~1J C)I~ .. 
. I" , 

ff()~~~()~n1J~11'lJ1,j''lJ'\~'U'tI()~ oc ~~1J-jl ijrilm ~tJ~~qVl i'Ui'U f)Cll~l'lf'Un'U lLCl::1JJ()V.'Ill':iW 1 

rilm~tJi'U'j()1J1'U'Il::~1J-jl SOC 1m::!()tJCl::'tI()~ SOC/OC ijrilff~i'U'lf1~l1Cll 12.00-21.00 'U. ~~ .. 
d d d 4 "QI .QQ.I 

Vll'jl~Yl 4.26, fll~Yl 4.191LCl::fll~Yl 4.20 C)I~ff()VI~Cl()~f)1J~1'U1'1ltJ'tI()~ Turpin 11Cl:: Huntzicker, 

1994 ~~1J-jl SOC 'Il::ijrilff~itJ'lf1~l1Cll 16.00-18.00 'U.~~ltl'U 'lh~f)Cll~1'U llCl::!()tJCl::'tI()~ .. 
.d i i'" 'i" soc/oc YlVl'j1'1l~1J 'W PM ,O 'U1'lJ()~Coimbra 'tI()~ Castro llCl::~W::, 1999 ~1J11 'Utl~'I1'U11 'j()tJ 

d ," i)ld Q.I 'd Q,I i .r:!I !1 ~ 
Cl::'tI()~ SOC/OC 'lJm'j()tJCl:: 37 11Cl:: f)Cl1~tJ~f)1JmYlVln'll1V1 'U1'lJ()~lJf)f)~ (Chan 11Cl::~W:: , 2005 ) 

" . 
~'U~ffmn 1't1V1'jl'lf1Yl1 f)H1Yl~'lJ'I1l'Um • 

.. .. .. 
v , v v 
'II'lHIl.:J 'V'UOi.ll.:J 'II'U1.J'U 

nill 
SOC SOC/OC(%) soc SOC/OC(%) soc SOC/OC(%) 

06.00-09.00 tJ. 0.7I±O.61 3.13±2.57 4.73±1.32 17.83±6.38 6.65±3.81 23.99± 10.65 

09.00-12.00 tJ. 3.25±2.41 14.82±9.97 8.73±3.19 33.64±13.45 7.33±8. \3 20.55±20.82 

12.00-15.00 tJ. 10.62±1.46 41.12±5.46 11.50±1 .69 41.44±6.66 6.92±3.30 22.98±8.77 

15.00-18.00 tJ. I I. 84± 1.80 38. 19±2.46 16.57±4.33 50.05±8.10 12. 12±2.62 35.24±6.32 

18.00-21.00 tJ. 9.06±2.31 24.63±6.52 14.71±2.25 36.44±6.74 \3 .69±2.99 37.19±1.58 

21 .00-00.00 tJ. 3.83±3.05 9.89±7.61 7.92±6.88 19.53±17.35 5.15±4.42 13.57±11.72 

00.00-03.00 tJ. 5.89±3.21 17.83±10.74 11 .02±5.04 29.69±12.18 5.05±2.56 17.00±8.10 

03.00-06.00 tJ. 6.60±3.33 24.48±6.26 10.92±2.76 37.48±5.94 5.02±3.94 18.28±9.08 . , .. 
tlllDi.uJ±SD 6.48±3.85 21.76±13.16 10.76±3.75 33.26±10.80 7.74±3.34 23.60±8.47 
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25." -,--------._ --_._------ --- -.- _ . . _-- - - - - ._-- ---- --- -
-+- ";-',IIh.. 

2 •.•• 

15.0' 
/-... __ ..... -.. -.. . _._. 

·i I • .•• 

~ 
S .•• 

.... 
-S." 

" .01-09.'0 09.0-'-12 ." 12.01-15." 15.'l-lR.DI 1A.'8-21.00 21."-00.0' 0 . ...... 3... OJ.'''''.O' 
nOl 

" . 
mlJ';i~~'Ufld1lJ"",:j 'U~nwlhJ'Yifhnn 1'IJfl';i1'lf1'Yl1 21 

.... .. 
fllJ fl1 vrw li 'YUl'. 2551 • .. 

70.DO -,----------- -----..• --- - ----- ---

60.00 

-- :::.:.. i.-·'~ - I 
- . i-.,OOH . 

~.oo . 

-.-i'Uu"U ; 
- - --~ 

-~ r j 
--- - --- - ----- -

0" 

§ a 30.00 

40.00 +------+------,=--'~--==f_--- .--~-, .. -

20.00 -I---j..,..L:::.:::::::::=+4-===+-------+ ....... 

.... J 10.00 -.-

0.00 

-Io.e. +---- ---~--,---.----, -- --.J 
06_00--09.00 09.00-12.M 12.GO-I5.DO 1' .01)-1".00 1'01 .A.PO-21 .0D 21.fW- OO.00 00.01)-03.00 03 .00-0 • . 00 

.J ~ aI.d I aid altl 
mfi'Yl4.20 ';imH'I~'lJfl,:j soc/oc (%) i'U';ifl'UTI.mHHl ';i~l1d1,:jd'U'Yl 18-21 fJlJfl1'Vi'Uli 'Vi_ft'_ 2551 

" . . 
rllJ i~ mii flfl i ~~rl f11';i fl n 'il1fl'IJ fl,:j flfl ij tJlJl'Yltlll1'U ;hliVi 1f11 ';i fl n 'il1~ w 11rl 111rl~ ""(11 'U li •• 

" l~tnn'U'il~fl';i d'il1~ Url~fld1lJ"",:j~""lJ 'il1flf11';i fl';i d'il1~flflijvlJl'Yltl1i'U'U'U lJ1l11rhfflJlh ~iY'Yl,r 
q .. II q 
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ff11iYlJ~'Ul1 (r) l~tJl,*ffi)~ pearson correlation 1~flffml1i:1~~tJ'YIl~~~l'jtJlJ1'Ylm~ri~~Hl~fl 
. " 

iY~ril'U"fl~ PMu(fSP 11'C1:: OCIEC l'U'lh~n'C11'~h11f)1:iffml1 ~~ih1tJ'C1::1UtJ~~~~fliui1 

OJ OJ' 'OJ':I " ''''' "'i' :1 4.4.1 fl11lJ(,flJ'Vn-A1i1::111H(,fYHnll'U8~r:llt1::88~'UlllV1llJHlll 10 IlJlfl11lJVl1 Ut1::r:llt1::88~ 

Q.I Q.J ~ ~ Q.I 

11lJ (PM.offSP) fl'Ut1mH;U::rn:.l~~llf.llJ1'Y1t11 VlllJ'l::VI'Ufl11lJ\l~ 

Ql'cvtl I Golf QlQ,I Q.Q 

f)1:i111f111lJfflJ~'U li:i ::1111~ff~ ffl'U "fl~ PM u(fSP f1'U'C1f1lJ W:: 'YIl~~~'UtJlJ 1'Ylm lJ1111 

fhiYlJU:i ::ff'Yll1 ff11 iYlJ~'U 11 (r) 1~flfff1lJ1i:1 ~~tJ'Yl1~~~iJtJlJ1'YltJ1~ri ~ H'C1~fliY~ril'U" fl~ PM ./fSP 
. " 

1 'U'lh~n'C11-vil'i1f)1:i fff1lJ1 ~~ij:i 1tJ'C1::1UtJ~~~~fl i ui1 

CVQltl 'Q.lI QlQ.I ~ Q 

f111lJfflJ~'U li:i ::1111~ff~ffl'U" fl~ PM ./fSP f1'U'C1f1lJW::'Yl1~~~'U tJlJl'YltJ1 9'I1lJ 

" . 
:i::~'Ufn1lJff ~"fl~V.'U -vifff1lJ1 ih1.flfl111~ 1 11W ~~111~ff ~"'C11 ~~1:i W1f111lJiYlJ~'U11 l~tJ 1 ,*ffi)~ 

~ u . . 
, Q,I do ct 1 Q.ld. Q.I 

pearson correlation ~'U11l'Jm::~'Ufll1lJ~~'Yl'Yllf)1:ifl'f11J1 :i::1111~1'U'Yl 17-20 li'Ul1f1lJ ~.fl'. 2550 

illijf111lJiYlJ~'Ul1fl'Uilf1lJw::'YIl~~~iJtJlJ1'YltJ1mh~ij'l1mhr1ty 

t , ,.. , 

1;jt1~ ~1:i W l~lf1Ylfl''YlN'C1lJ-vil'i 1f)1:i 9'I:i 1~1~ ~'U':h i''UriN Ylf1'Y1l~'C1lJm ~tJ 1 'U 

" 'lh~nm9'l:i 1~1~1J1 ~ 1f1Ylfl'9'I:: 1'U 9'1 mm:: 9'1:: 1'U 9'Im~ tJ~ l~ i''U f1m~ Ylfl''YIl~'C1lJlJ1~ 1f1 Ylf19'1:: 1'U flflf1 
" .. 

1m::9'I::1'Ut1flm~tJ~1~ ril'Ui''U'U'U 'C1lJlJ1~1f1l'Jf1Ylfl''Yl1~ 11~ijf111lJ1~1'C1mh"l~ ~~.fll~-vi 4.21 ~:: 
" " . 

111 'U i,)' 11 i''U ri 1~ 11 'C1::i''U f1 m~ijYlfl''Yl1~'C1lJ 1 'U Ylfl''Yl N 9'1 H fl'U ~ llJ fl'U 1 ii t1~ ~lm iJ'U Ylfl''Yl1~ 'C1lJ ~1f1 
,.. ,.., ,.. 

'lit1~"fl~t11f11'l 1 'U i''U riH 11'C1:: i''U f1m~l iJ'U 'C1lJ -vim ~1 f1~ 1'U ~ 1~" t1~ fl1f11HY ~ H'C11 11' i''U f1m~ij 

f111lJ1 ~ l'C1lJ ~ ~~ "l~ V'U 111 t1~m ~1 f1 f)1 'l tJ 'U iJ 1'U 'Yl H f)1 tJ.fll~" fl~ ~~ 1n'U~lfldH ri ~ H'C11 11' ~ 'U 
I )I ,.. I , 

iY~ril'U"t1~ PM./fSP -vi9'l'l 1~ 1~ i~1'Ui''Uf1'C11~ijfi1~ ~f111i''Uij'U l;jt1m~ ~l'lW 1f111lJiYlJ~'U 11 

l~tJ'YIl~ffi)~ ~'U11 iY~ril'U"t1~ PM./fSP illijf111lJiYlJ~'Ul1fl'U~~iJtJlJ1'Ylmt1d1~ij'l1mhr1ty 

..... 

• • • . .. 
Cl • 

Ell • • • o • 

~
" -"'- ' 

--, 

, ~ ~ .-

. 
.' • • • 
II 

t 
N 

.c:& Q d I Q.I.d " " 
fll'Yi'YI 4.21 'Ylfl''Yl1~11'C1::f111lJ1'l1'C1lJ 'l::1111n'U'Yl 17-20 i'Ul1f1lJ ~.f1. 2550 'U1nwi''Uri1~ i''U 

" " . 
f1m~lm::i''U'U'U mmh~'U~1f1~ltJ1u"11 V.'U-vifff1lJ1 ih1.flt1111~lmY ~~111~ff~"m 
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'illf)f)1'jml'1'1~H~9JihJlJl'Y1rJ1i\J'lJ'U hwi,* radiosond ~'U.yjflmn Vllml 

'111~h1l1j ~,m1~ff~'\Jm 'j::W;h~1'U~ 18-20 i'Ul1TllJ 'Vut. 2550 i'U 'lh~nm 00.00 06.00 12.00 

.,J tV ~~ 0 'Q,I 
llCl:: 18.00 9f~~Hf)lJnmWlfl'U 07.00 'U . 13.00 'U. 19.00 'U. UCl:: 01.00 'U. 'UllJ1'Hlm'j::~lJTll1lJ 

" I " 

ff~HfflJ l~tJl1i Holzworth ~~~l'jl~.yj 4.27 lilV~'illf) 'lh~nCll.yjlnlJlPilmh~i:iTll1lJ'i1'Uff~UCl::H'U~f) 
~ ~ 

'thi..r~W'lHJij~~'j')'il1~'~ hjlPi~nlJlff''U dry adiabatic lap rate i'U'I1mtJ 'lh~nm T111lJ~~HfflJ~ 

fil'U1W'~~ln~~'U~vtJ UCl::lrlmh~lTll1lJ~~HfflJlJ1'H1Tll1lJfflJ~'U,rnlJff~ffl'U'\JV~ PM)/fSP 

hwi,*ffi)~ pearson correlation l'llJ ';h ff~ffl'U'\JV~ PM)/fSP i:iTll1lJfflJ~'U,rnlJTll1lJ"l~HfflJ 

UlJlJU1h~'U~llJn'U Vdl~ '1ii:i-wmhTl~ ~~.fl1l'l~ 4.22 

. . . 
AllHn 4.27 T111lJff~HfflJ (LlJ~'j) 'j::'I1il~1'U.yj 'j::'I1il~1'U.yj 18-20 i'Ul1TllJ l'l.ft'. 2550 lJ~nW 

~ 

~ . 
~'U.yjflmn VllfW'l11~i'l1l1j ~~'I111lff~'\Jm 

. fl11ll\l.:lHtTlI Ollf!';) .... .. 
'lUYlln~l 

18 fiU'llflll ..... fl. 2550 19 fiU'llflll ..... fl. 2550 20 fiU'llflll ..... fl. 2550 

01.00 'U . NO NO NO 

07.00 'U . 1349 1,688 1,770 

13.00 'U. 437 709 685 

19.00 'U. ND NO 582 

2.00 - ---- 100. 

.... - .aoo 

.... -/------------,"'------\------\- 1600 

- 1400 

1200 i 
10 00 t I.U 

600 

.... ... 
0.20 +---- --\---------------------------.-- lOG 

0 .00 +--__,___-~-__r-~~-~-__,___-_,_-__r-~--_,__-__,___-_+ 

. . 
.c:I tV I tV tV I Q,I d 

iIl'rtrl4.22 ff~ffl'U'\JV~ PM)/TSP f)lJTll1lJ~~HfflJ (m) ~llJ'j::~mnllJ~~ 'j::'I111n'U'Yl 18-20 
~ . 

i'Ul1TllJ l'l.ft'. 2550 lJ~nW~'U.yjflml1 Vll.f)V'I11~ i'l1qj ~~'I11~ff~'\JCll 
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.,. 

4.4.1.2 1'U~'l1"1'n1 fllU'YI'YnJ'YI1'UfI'l 

Q.I ~ d.c9 d , Q.I.d Q.I 0' 
'j::~lJfl11lJ\1.:J'\Jfl.:J'VfU'Ylfff1il11'\Jml 'lH'Yl1 f1~.:JL'Yl'VilJ111'UfI'j 'j::1111.:J1'U'Yl 18-21 fJlJfl1'Vi'U1i'Vtff. 

" 
2551 Vi'ill'jWlf111mYlJ-W'\.J1n~Vff()~ pearson correlation 'VilJ11 i''Uril.:J ~~ri1'U'\Jfl.:J PMu(fSP ii 

" " I 

f111lJ~lJ-W'Utln1JfnllJ';'U~lJ-W'Yltl m;NiitJv~hTlWlh::~1JfnllJ1';m:r'U 95% UlJlJll'lhH'U111lJn'U 
u 

~ .d. Q.I QI o'Q.I QI , .ct Q.I 0 Q,I.d. QI a Q.I 

':lI''U f1c\ 1.:J lJfl11lJfflJ'Vi'U 1i f1lJfl11lJ~'U lJ'j 'j Vlf11ff flVl.:JlJ 'U Vfflf1ty'Yl 'j:: ~lJfl11lJ1 ':lI'fllJ'U 95% U lJlJ 

" 
mhH'UmlJn'U ri1'U'i'UlJ'U 'liiifl11lJ~lJ-W'UtlnlJ"f1llW::'YlNfl11ijVlJ1'YlV1flVl.:JiitJVfflTlW 

~
-' -

. -
.. ....... . . ,., 

.. . 
• • • o .. 

... • • • 
Ii · 

• • u 

• • • 
~ .. 

J ~ d IQld evo' ~~, ~ 

t 
N 

.fIl'Yt'YI4.23 'Ylff'Yll.:J1m::fl11lJ1'j1c\lJ 'j::1111.:J1'U'Yl 18-21 f1lJfl1'Vi'U1i 'Vi,ff, 2551lJ'jl1W':lI''Uc\1.:J ':lI''Uf1c\1.:J • 
" " , 

1m::i''UlJ'U 111lJC\1~lJ'illf1~lVi,j'\J11 ~'U.yjfff1ll11'\Jml 'IH'Yll f1H1'Yl'VilJl11'UfI'j • 

, , " 
~ CIt. Q .d. 0 Q.I ' Q.I Q.I 

1lJ fl'Vi 'ill'j W 1 'ill f1'Yl ff'Yl H C\ lJ 'Yl 'Yll f11 'j 11 n 'il1~ 'Vi lJ 11 'Yl.:J ffllJ 'j:: ~ lJ fl11lJ \1.:J 

nff'YlHC\lJm ~V 1 'U'lf1.:Jl1m11'j 1'il1~ri1'U 111 tY lJl 'illf1nff11:: 1'U flflf11 ~ V.:J1l1 u'O ~.:J'lf1.:J1'UUc\::11c\1~ 

Yllf11'j 10lJl1 1'OVH1~'U 'lh.:Jt)~l1 'U 11 'il::iiC\ lJ -W~lJl 'illf1nff11:: 1'U '0'0 f11~ V.:J1l1 U'O 'il:: i ~~ lJ6'Yl n'Vic\ 

'illf1U 11 ri.:Jf111 ij ~ '\J 'O.:J H'U C\:: '0 'O.:J 'ill f11 '\J11 ~'U 11~.:J ~ ii ~ C\ f1l'j 11 'j 1 'il1~ rl1H'U C\:: 'O'O.:J 1 'U lJ 'j 'j Vl f11ffff.:J . . .. 
" ,,, " 

(fI1f1~'U 1f1 f1) uc\:: fl11lJ1 ~ 1C\lJ 1 'U i'U f1c\ Hiifi lff.:J ff~ 1 U 'O.:J 'ill f1i'U lJ'U iif1l'j ~~11.:J 'ill 'U ~ lJ ri.:J .. . 
~tytylWlJ~l1W~l~~ll1mV~~ri.:J~"" 1M'm::UffC\lJi'UlJ'U iliUHlJlf1 ~.:JfI1'Vi~ 423 ~.:J'illf1~c\f1U 
Vi'ilUW l'Yll.:Jff()~ 'VilJ11 ~~ri1'U'\J'O.:J PMu( fSP iliiifl11lJ~lJ-W 'U tl nlJ" f1ll W::'Yll.:J~~ijVlJ1'YlVl 
" "aQ I dQ.lOQ.l 

'Vi'U~1 mn.:JlJ'UVfflf1ty 

" 
'ill f1 f11 'j 11 n 'il1 ~ '0 11 ij V lJ 1 'Yl V 1 i' 'U lJ 'U 1 ~ V 1 '* radiosond 

" , 
1 '" "''''I 'U'Vi'U'Ylfff1ll1 •• 

f1HL'Yl'VilJ111'UfI'j 'j::1111.:J1'U~ 19-21 f1lJ111-W'Utl 'Vi,ff, 2551 1'U'lf1.:Jl1m 00,00 03.00 06.00 09.00 • • 
& Q.I :. ~ 

12.00 1m:: 18.00 9f.:J11Hf1lJl1m'Yl.:JO'U 07.00 'U . 10.00 'U. 13.00 'U. 16,00'U . 19.00 'U . 11c\:: 01.00 'U. 



fl111HYlJ't~\.Ili'fl1HY~HY'l'U'\JU.:j PM,/fSP hltli~ffi)~ pearson correlation 'ViU11 ff~HY1'U'\JU.:j 

PM,/fSP ijfl11lJfflJ~'Uli'flUfl11lJ~.:jHfflJUUUUU';iHm~''Ufl'U UdNi11ij't!trfflrlty ~.:jfi1'Vi~ 4.24 

. , " . 
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.ct , Q.I d Q.I II Q..::!t .d..::i 
~1''1H't14.28 fl11lJ~.:jHfflJ (llJIPI';i) ';i:;lf11.:j1'U'Yl 19-21 fJlJfi1'Vi'Uli 'Vi.fl'. 2551 U';inW'Vi'U'YlfffnJ11'\J\PI 

Ul.:j'Ul f)'j.:jl'Yl'VilJlf1'Um 

. 
'" .. 'l'UYllmn 

• 

!VJ u~ cvi 
19 Q)JIllVi'U1i Vi.ft.2551 20 Q)JIllVi'U1i Vi.ft.2551 21 Q)JIllVi'U1i Vi.ft.2551 

01.00 'U. - NO NO 

07.00 'U. 979 724 733 

10.00 'U. 974 SOl 389 

13.00 'U. 1,049 1282 1,459 

16.00 'U . 1,790 1672 1,725 

19.00 'U. 16 1639 1,783 

I ... 2'" .. .. 
1.2' +--~-- .... 
I." +---~-----,~~ I" •• 

- -/----------

" .. ! .... J ... c 

~U' +---~~-+~~---~-7---­

j .... +-------

.... +---------- ... 
0.2. +------------- - ----0 - _. - - -. -.- ---

2" 

. ... f---~-~-~-~-~-._-._-..,.._-----...,__----' 

. . 
.::t Q.I I Q.I Q.I' Q.I d. 

ill'Yt't14.24 fflPlff1'U'\JU.:j PM,/fSP f1Ufl11lJ~.:jHfflJ (m) IPIllJ';j:;IPlUfl11lJ~.:j ';i:;lf11.:j1'U'Yl 19-21 
., 0 

Q.I rI Q ~ d4 
f1lJfi1'Vi'Uti 'Ytfl'. 2551 U';inW'Vi'U'Ylfl'f1'1:l1 f1Hl'Yl'VilJlfl'Um • • 

Q.I Q.I rI I Q.I I Q.I Q.I Q Q 

fl11lJ fflJ'Vi'U li ';i:; If 11.:j ffWCY1'U '\J U.:j PM ,/fSP f1U ~ f1'1:l W:; 'Yll.:j ~1J 'U tllJ 1'Yl til \PI1lJ 
., 0 

';i:; ~ Ufl11lJ ff.:j '\J U .:j.v;'U ~ fff1'1:l1 tll1f1 mli U.:j ~.:j If 11Pl1 ;tI.:j i If 11 Vi 111';; W lfl11lJ fflJ~'U £1 IPltl i <Uffi) ~ .. 
• 0 

1 Q.I d 0.4 'Q.I d. 

pearson correlation ViU11lJf)'j:;IPlUfl11lJ~.:j'Yl'Yllm';ifl'f1'1:l1 ';i~lf11.:j1'U'Yl 25-28 
'" ~ 

f1lJfi1'Vi'Uli 'Vi.fl' . • 

2551 'l1ijfl11lJ fflJ~'U £ fluE f1'1:l W ~'Yll.:jUlPliJ tllJ i'Yl til UdNij't! trfflrlW 
• • u 

I I " I 

1liuVi 111';i W 11l1f1iifl''Yll.:j~lJ~Yilm';iIPl';i 11111Pl 'ViU 11 i'U ~1.:j iifl''Yl N~lJm i'itl i 'U 

'li1.:j11~ llP1 ';i 1111IPllJl1l1niifl'lPI:; 1'U uu m Q tI.:j llf {j U ~.:j ~'\..I ~~ U U.:jlJ 1111 f1 ~ IPl ~ 1 tI 'U U If ci.:j '\J 1 tI'\J U.:j~ ';i ~ ~ n 
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" '\J{)~l;V~ hn.Jfl{) hnlU';i19n{1~u~hu i mu iUmll~ .y;fl"Yll 'H'IlJlJl~lf1.y;ffl1~iU {){)f)1~V~ h;'l1'Cl~ .. 
cv d a I ~ ~ i" QI d a 41 d. d i'" 

11~1Ul1f)1~V~1'I1U{) ff1U'lfUUU lJl~lf1'Y1ff 1111'Cl~11~1Ul1f)1~V.:J1'I1U{) fl.:Jfll'V'l'YI 4.25 'il~1'I1U fl11 

~ d d '.Q -ClQ I Q.I Q.I rI I Q.I , 

'lfUUUlJfl11lJl ';i 1'CllJ~.:J "lfl 1111 'illf1f1l';i 'V'I 'ill';i W 1'YI1.:Jfftll1 'V'I U11 fl11lJ fflJ'V'IU li ';i ~'I111.:J ffl1 ff1U '\J{).:J 

PM)/fSP ilJijfl11lJalJiunnu~~iJVlJl'Y1Vl{)VNij'l!Vril~ty 

.-.' . ' . '" "', ... , .' • • . ',. 
::1 · ' 

.­· ' · . · -. !E •.• .' 
.ci Q d IQ.ld GIrl Q ~, ~ 

ill'rt't14.2S 'YIff'Yll.:J11'Cl~fl11lJl';i1'CllJ ';i~'I111nU'YI 25-28 f1lJfll'V'lUli 'V'I.ff. 2551 U';il1W'lfU'Cll.:J'lfU • 
" " . 

f1'Cll.:J lm~iuuu 111lJih~U'illf1~lVitl'\J11 ~ui1ffmJl illlf1{)1jj{).:J ~.:J'I1ifll;V.:Ji'l1lJ 

" " . 
~1f1f1l';i11';i1~ifl~~iJVlJl'Y1VliUUU 1flVi~ radiosond iu~ui1ffmJlUllf1{) 

lJJ{).:J ~.:J'I1ifll;V~i'l1lJ ';i~'I111.:Jiu~ 26-28 f1lJfIliun 'V'I.rl2551 iU<M1.:J11'Cll 00.0006.00 12.00 11'Cl~ • 
.ci Q.I ~.d 0 'QI 

18.00 9f~"Hf1Ul1'Cll'YI.:JtlU 07.00 U. 13.00 u. 19.00 U . 11'Cl~ 01.00 U . UllJl'l11fll';i~flUfl11lJff.:J 
OJ 

'\J{).:J PM)/fSP 1flVi~ffi)~ pearson correlation 'V'IU11 aflri1U'\J{).:J PM)OrrSp iifl11lJalJiunnu 

fl11lJ~~r-lfflJ11Uu11tl';ir-lm1'unu {)Vl.:J ilJij'l!Vril~ty ~.:Jfll'V'l~ 4 .26 

• , " I 

Vll1Hn 4.29 fl11lJff.:Jr-lfflJ (llJl1';i) ';i~'I111.:Jiui126-28 f1lJflliun 'V'I.ff. 2551 U~l1w~ui1ffmJl 
OJ • 

'" .. l'UYI/l1ln 
"J uJ ",J 

26 Q'lIIll'Yt'Uti 'Yt.t1.2551 27 Q'lIIll'Yt'Uti 'Yt.t1.2551 28 Q'lIIll'Yt'Uti 'Yt.t1.2551 

01.00 'U . ND 2,899 ND 

07.00 'U. 490 481 1,079 

13.00 'U. 949 1,288 1,443 

19.00 'U. 3,168 742 2,130 



1.60 

1.40 

1.20 -I---~-----f------\--

~ 1.00 

~. 0.80 +-----~7'f'~;7_--_\_­

;i 0 .60 -I--------/------\---

0 .• 0 +-------r'-------\_ 

0 . 20 -1---- - --------

.,. 
---- -- ---" 

T 3 SOO.0 

3 000.0 

2 5 00.0 

2000.0 t 
1500.0 r 

- 1000.0 

--- .-- --------=1- 500.0 

0 .00 -f----r-- -,-- ---.---,-----r---.----r--,---.,---,----j 0 .0 

. . 
q (l.I' QJ Q,J I Q,J d 

sn'Yt'tl 4.26 ff~ff1'U'\JfN PMu/TSP n1Jfl11lJ~~HfflJ (m) 9'l1lJ'j::~1Jfl11lJ~~ 'j::'I111~1'U'Vl 26-28 
" . 

fllJ.f11li'Un 'Vi.fl'. 2551 ~\J'nffm:n Vl1mH)jV~ ~~'I11~1;fJ~ 1mj 

~ Q ~ ~ a ..r::::. Q.I Q,J d ~ tI ~ III (LJ tI d 

86 

~~'UfJlJ1'VlfJl'Vi'UH1 flV ~omfJlJ fl11lJ~'U1J'j'jfJlf11fl' Hff~1~Vl'Yl9'lfJ fl11lJ'lf'UfflJ'Vi'Vl1) fl11lJl'j1"lJ 

" lm::fl11lJ~ ~HfflJ ~lnf11'j9'l'j 1~1~~~ij fJlJ1'VlfJloM'U 1J'U lJ1'111fil~lJ'l.h:: ffml ff'l1 ~lJli'U n l~fJ 1 ~ 
" QQ 'Q.J' Q,J Q,I Q Q a.Q 

fffl9'l 'Vi1J11 ff~ff1'U'\JV~ PM./fSP n1J"nl:lw::'Yl1~~~'UfJlJ1'VlrJl'Vi'UH1 U"::fl11lJ~~HfflJ U'Vl1J~:: 
" "t 1 

'liijfl11lJ~lJli'Un ti'UVth~ihrfJ~hti\\!'Vll~ffi)~ 11~ 3 fl'U nffm:n Uff~~ 1 'I1'lM'Ullf11'j lli~rJ'Ull'lJ,,~ 
" . 

~~ri1'U'\JV~ PM./fSP 1'Uu~,,::i'Ufl11lJ~~\.h~::lJl~ln1J~~rJfl'U 1'lf'U ~1f1ll'l1ri~nl1ij~ l~fJ9'lH 

.Q Q,J Q,J tI 
'Vi ~ 1'j W lf111lJ fflJ'Vi'U 1) '\J V~ OC/EC 

Q Q,I GoOd.r:::t.tI ~QlQ,ltI d cv 

~W'I1 fJlJ fl11lJ~'U1J'j 'j mf11fl' Hff~1~m'Vl9'lrJ fl11lJ'lf'U fflJ'Vi'Vl1) lm::fl11lJl n"lJ 9'l1lJ'j ::~1Jfl11lJ ~ ~ 

" . 
'lJf)~n~ ~l'Vl'VilJ'I11'Um lm::fl11lJ~~HfflJ~lnf11'j9'l n~1~~~ijrJlJ1'VlfJli'U 1J'U 1'U 'j ::'I111~1'U n 18-21 

" '" " 1 1" QQ d d Q,J d nlJ.f11'Vi'U1) 'Vi.fl'. 2551 ~rJ 'lffffl9'llJ'jlrJ"::lVrJ~~~'U • 

" ~lnf11'jffm:n ~~ri1'U'\Jf)~ OCIEC 1J~t1Wm~.yhmfll'j~U~'j()i'U 10 h~u'jlJhJ'l1rJn 
.. 

ff'Vl (11J'I1rJfl 1) 'Vi1Jll ~~ri1'U'\JV~ OCIEC ulimn~'Uti1Jfl11lJ~'U~lJli'Vlnll"::fl11lJ~'U1J'j'jrJlf11fl' .. 
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" 

2) i'Wmn~ 

~lflf11'jffmn ff~ri1'W'UV~ OCIEC tJ~nW~l~~l h~un/lmHJflff'YI (1mWfl 1) .... tJll .. 
" t, , 

ff~ri1'W'UV~ OCIEC m.hr·lflH'Wf)tJfl111J~'WfflJ-W'YIi' mh~ihrrnhliityfh~~tJfl111Jl~mj''W 99% u~ 

m.hH'W~llJ~W"HJii vdl~iilrmhliity~'j~~tJfl111Jl~uJ'W 99% 

" 3) i'WtJ'W 

JI " • 

.... tJll ff~ri1'W'UU~ OCIEC m.h~mH'Wf)tJfl111J:M'WfflJ-W'YIi' mh~iilrrHhliity~h~~tJfl111Jl~mj''W 

95% U~m.hH'W~llJ~Wl1tJii vdl~iilrmhliity~'j~~tJfl111Jl~uJ'W 95% 

f11'jl11fl111JfflJ-W'Wi''j~l111~ff~ri1'W'UU~ OCIEC ntJfl111Jff~HfflJ (~l'jl~~ 4.28) i~tJ .. 
" 1~ffO~ pearson correlation .... tJll i'Wril~ ff~ri1'U'UU~ OCIEC iifl111JfflJ-w'Wi'ntJfl111Jff~HfflJ .. 

U tJ tJu l.h H'W ~ llJ n'W u dN ii,r tJffllii ty ~ 'j ~ ~ tJfl111J 1 ~uJ'W 99% ri1'W i'W mn ~ u ~ ~ i'W tJ 'W ii 

fl111JfflJ-W'Wi'UtJtJU1.h H'W~11Jn'Wl'li'Wl~tJ1n'W Udl~ '~ii,rtJfflIiiOJ ~~Uff~~ 1 'W111 .... ~ 4.27 
" 

7.00 -------------- -.-~ 2000 

1Il00 
6.00 

1600 

1400 

~ 4 .00 -t---~-I-_f_I_"'rt_____"~~_____1.::,!H___"c~~~ 
j 3.00 ~,L--------+--''=''~~. 

2.00 +--------.--t- 600 

400 

1.00 -t------~--\--.-- --. - .-- - ..... - .-. - .. --
. 200 

. . 
.q QlI QI QI 'cva 

ill'Yt'Yl4.27 ff~ff1'W'UU~ OC/EC fltJfl111J~~HfflJ (m) ~1lJ'j~~tJfl111J~~ 'j~l111~1'W'YI 18-21 

QI ~ ~ d~ d 

flml1 .... 'W1i ..... 1'1'.2551 .... 'W'YIflflll11'Uml'IH'YJ1 flHl'Y1 .... 1Jl11'Wfl'J . . 
.4 QlQld'IQlI Q,lQ"I Q~ 

~lflf11'jfffllllfl111JfflJ .... 'W1i'j~l111~ff~ff1'W'UU~ OCIEC fltJ~flllW~'YJ1~U~'WtJ1J1'Y1tJl .. 
" . . 

~11J'j~~tJfl111Jff~ ~'W.yjfffllll1'UmlclH'YI1 m ~1'YI""1J111'Wfl'J 1 'W'j~l11H1'W.yj 18-21 fllJm-W'Wi' ..... 1'1'. .. . . 
" 

2551 .... tJll ff~ri1'W'UU~ OCIEC m.hHflH'WntJfl111J~'WfflJ-W'YJi' U~~~m.hH'WmlJC)w'I1f1ii Udl~ii . .. 
lrtJfflliity l,jU~lJl~lflf11'j lfi~ OC ~~lfi~ '~~1'W'lh~~iiuff~'UU~1'W~~lil'W'lh~nm~ii~wl1tJii~ ~ 

yh1,r .... mh OCIEC iifilff~1'W'li1~nm~iiuw'I1f1iiff~~1tJ U~~ff~ri1'W'UU~ OCIEC V~m.hH'WmlJ 
CU ~ '" q, 
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Tl11lHY \I ~HYlJ ~ \lff1m ~~lJTl11lJff \I t~ fl\l 'il1m~~ lJTl11lJ ff \I ~HllJiifi 1t~ lJ~ 'U 'h.J 'lf1\1l1Cll mn\l1'U .. .. .. 
~\lt~'U'lf1\1l1Cll~iiuff\l~mlJ1~nlJm'itnfiUBn~tJ1Yl1\11'Vn~HTllJTlfl" '\Jfl\l SOC tdfl oc iifi1'fl\l 

ri \I~'m 1M' fffiri1'U'\Jfl\l OCIEC 1 'U'lf1\1l1mn"l\11'Uiifi1'fl \I~1tJ Ufffi\I 1M'tl1 'U 11U 'il ~ tJ'Yll\l~~ij tJlJ1YltJ1 

.c:<d CV Q.I flo.- Q.I , Q.I ~.d~ J' ~ ~ Q.I Q.I tI 
YllJTl11lJfflJ'V'l'U li nlJfffi ff1'U'\J fl\l OCIEC 111m ~fllJTl11lJ'l \I'\Jfl\l'V'l'U'YlffmJ1'U Tl flTl11 lJ'lf'U fflJ'V'lYlli 

fltul1fllJ tm~Tl11lJff\ll'lfflJ ... .. 



. 
"" lJ'YI'YI 5 

... " " " " 1 ... d!1 !I fll 'j ~ 'j 11l1~ f111lJ I'll lJ 'U 'W 11":; f111lH 'U lJ 'U 'W 'W 'j U1J 1'W I \l" tI'U U-:J H'W":; {H)-:J 'illJ 11":; H'W • • 
" """ 

,,:;m)-:J'U'Wl'f1i,jln'W 10 ilJimllJ~'j mlJi'Wfl11lJ"l,:j 3 'j:;~1JfiU i'W~l,:j i'Wn"l,:j l1,,:;i'W1J'W 1'W 3 

" . 
-W'WViffmnfiu i111.f)U111'flhHU ~,:j111'flff,:j'Um l'U1l'j1'1H'Yll nHl'Yl'Y'llJ111'Wm 11":; t111.f)fl!jjU-:J 

u • 

" ~,:j111'fll;tI,:j 1 11,j ffllJl'j\lffnJi~~,:j~u i'l1ij • 

I .: .d.~ d , Q.I Q.I tlcv 
'Y'I1J1l 'Y'I'W'Ylffmn l'U~'jl 'IH'Yl1 nHl'Yl'Y'llJ111'Wm m TSP l1ff'fl,:jfl1llJfflJ'Y'I'WTin1Jfl11lJff,:j111J1J . .. 
mh ~·mH'W n1Jfl11lJ"l ,:juuNijU'mhri'tyB,:j ri1'W PM 10 ijfl1llJ~lJ~'W ;n1Jfl1llJ "l ,:j111J1J11 'l1mn H'W n1J 

" " I" 
f111lJ"l,:jUU1-:Ji,jijU'mhri'ty fimi-:J TSP lW:: PMI01l::"'fl"-:J1l1lJfl11lJ"l-:J 11~1'W-w'WViij TSP 1l::1~'W 

" i~i'fllll'WW.i1 PM IO 11,,::t111.f)UljjU-:J ~-:J111'fll;tI-:J111,j l'l-:J TSP lW:: PM
IO 
ijfl1llJ~lJ~'W;n1Jfl1llJ 

"l,:j111J1Jmh~mH'Wn1Jfl1llJ"l-:J tlU1-:Ji,jih1t11:Y1ri'ty ~-:J TSP 1l::ijfilfl1llJ~lJ~'W;"l-:Jnl1 PM 10 

1'li'Wl~tnn1Jn~-:Jl'Yl'Y'l"1 ~-:Jlm~-:JfhliJ'fll1~n'Utl-:J TSP 1~'Wlm~-:Jtl11iJ'fl~tlQ1'Wlf'W~ ri1'Wlf'W~ffmn 
" . 

t111.f)tl111'fl111tY ~-:J111'flff-:J'U"1 i~f1J~'Yln'Y'l"1l1ml'W lW::f111lJ.;;i'WVi"l-:J ri-:J~m1M TSP ijfi1i,j 

l1~n~l-:Jn1J PM 10 l1"::Ull ~tI'Yll-:Jf11t1.f)l'Y'l~titl 1 Mln'flf11'j 11'W ih'W'Yl1-:Jf11t1.f)l'Y'l 1 'Wm-:J ~'fll~m; 1tlU1-:J 

ri -:J ~m 1 11' f111lJl,j'lJ,j' 'W 'U tl -:J H'W ,,:: tltl-:J ~ t111.f) tl111'fl 1 11 rui,j 11 ff'fl -:Jfl11lJ ~lJ~'W; tlU1-:JijU' tl1:Ylri'wn1J 
• u u 

" . 
tijlf1nl~Yi1Jl~Wl111.:Jffi1~ l1n~l.Jli~l1,r)~ Yi1J11 fl11lJl,j'1J,j'1.J'\Jij~ TSP ff1U . 

1 my ij~lUlln~l-:J n'W 111m:: ~1Jfl11lJ"l -:J tlU1-:JijU' tl1:Y1ri' ty ri1'W f111lJl,j'lJ,j''W'Utl-:J PM 10 'Y'I1Jl1 i,jij 

f111lJl1ll n~ l-:Jn'W ~ 1m:: ~1Jfl11lJ ff -:J l~ tl,:jlJl1l1nflW fflJ,j~1 'W f11'j U 'U1'W" tltltlu1 'W 1J'j 'j til f11 ff'U tl-:J ... .. 

" .. 
'U tl-:J PM 10 '1 'W 11~ ,,:: 'j:: ~1Ji'W f111lJ "l -:Jijfi 1 ',jl1lln~ N 'Yll-:J ff()~ ljjtlYi 1l1'j W 1f11'j I 'l1~ tI'W 11 'l1"-:Jfl11lJ 
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JI ", " , 

,., " I Q,I ~ 4& I 4 d..:9 
l'IJlJ'lJlJ'lJtH TSP lnl:: PM IO ~Ufl11lJ"l.:j 1 llJm 'Vl.:j 3 YilJ'Vlf'l'f11J1 Yi'U11 YilJ'Vlf'l'f11J1 

f1~.:j1'Y1YilJ'I1llJm U~:: l;tI.:jhllj n~lm~tI'lJU.:jf1l·H,j~tllJU,j~.:jfll1lJ1,j'lJ,j'lJ~U 1 llJ~'j'IJU.:j PM,o 

~flM~1lJ'j::,)'Ufll1lJff.:jf1'1t16m1 0.03 u~::O.Ol llJ lmf1i'lJ~u~f1'Ulf'l'n1lJm~U 1 llJ~'j ~llmh,)'U 
~ ~ 

rillJ TSP ~fl~.:j~1lJ'j::,)'Ufll1lJff.:jf1'1t161P1'j1 0.10 u~::0.13 ilJlmf1i'lJ~U~f1'Ulf'l'n1lJlPI'j~U 11lJ~'j 
~ ~ 

o Q.I.J d ~", i! ~ d& d Q.I ",.., ~ 
~llJmfl'U 9f.:j~::1l1lJ lfll1 lJ'Vl.:j 2 YilJ'Vlf'l'f11J1lJU~'j1f1l'j~fl~.:j'IJU.:jfl11lJ1'IJlJ'lJlJ'lJU.:jHlJ~::UU.:j'Vl.:j • 
ffU.:j'lfUfl~UllJm i f1ft1~tJ.:jnlJ ..f.:j'l ~U'H ri.:jf1l1Ufl'IJU.:j HlJ~:: UU.:jUIPI f1~l.:jnlJ ~.:jUl~1I::'W1 i,jri . ~ 

f1l'jffmIl1YilJ1~lJ1vtU i l1if1',j'UlJ~~i'fl1 ~lJt.:j~lJ rillJ 'lJu.:jiflJ ~fff11J 1ih1f1U'H 1fl i 'HtY ~.:j'H 1fl ff .:j'IJm 

lI::U~ f1~ 1.:j 1I1f1 ~m,).:j ~ f1ri 11lJlUftl 1 ~ U.:j 1I1f11111 ~ tI,).:j~ f1ri1llJl,j'1.:j1i' lJ 

5.1.1.2 NVitil'.n::'t'rh~~'H'I::00.:j'UU1Vl',jlnU 10 ''J.JhnnJV!'l ua:: ~Ua::00.:J'l1'J.J 

(PM "ffSP) 'U'l0'fl,.nn~tJ 

" . 
nUlJ11.ulJu,j'j~lJ~llJfll1lJff.:j ilJ.wlJl1fff11J1f1'j.:j1'VlYilJ'H1lJfl'jU~::~.:j'H1fl1;tI.:ji'Hli n 

~ . 
Q,I Q,I tlQ,I I od Q,I 0 Q,I ~ ~ ~ Q,J ~ .x Q.I , 

fl11lJfflJYi lJ li f1'Ufll1lJ "l.:j UtlNlJlJ tlfflfltytl.:j fl UllJ U 'j::fl 'Ufll1lJ "l.:j 1 Yi lJ'IJ lJ fffl ffllJ 'IJ U.:j PM u(TSP 

oI::IIJ".a d to.&::t. Q.J i~.d d 

~::lJmff.:j'IJlJfl1t11lJU.:jlJl1l1f1 TSP lJU'H~.:jf1lllJfl'H~f1111f1 lJYilJ'Vl U~::lJ'j::tJ::nmf1lm'IJ1lJ~UtI 
~ 

ilJ U1f1lf'l'if1'ililJ1lJl'vh PM
IO 

vh i l1'i lJ 'j::,)'Ufll1lJ"l.:j~lYilJ~lJYi'U PM,o if1'lJlf1f1-)l TSP ri.:j~·m i l1' 
" . . 

~l~flrillJ'lJU.:j PMu(TSP n~lU'l.h ~lJIPI llJfll1lJ "l.:j tlf111lJ.wlJl1fff11Jlfl11f1U'H 1fl i 'H tY l1~flri1lJ 

'lJU.:j PMu(TSP llinfl11lJ~lJ~lJlr n'U'j ::')'Ufl11lJ"l.:j l~U.:j 11 1 f111 11 ~tJ'Vl1.:jf1l'j~lJiJ1lJ'VlNf1ltlfl1Yi 
Q.I t .d d Go' I d ,& : _I ,., I 0 i 'JI 

,j'j::f1u'Uf1'U'lf1.:jnm'Vlf1l'j 1f1'U~lUtl1.:jlJ ~lJ ~f1 i lJ 'H mtl'lf1.:jnm 9f.:jlJ 1HlJ 11:: 'If:: m.:j HlJ~:: UU.:j'Vl1 'H . 
fl11lJ 1,j' lJ,j'lJ 'IJ U.:j HlJ ~:: U U.:j i lJ fl11f1U 'H 1fl i 'H uin~ 1 iliff.:j 11~:: 111 f1 f11 'j 'H 1 ~ 11 Q ~ tI i lJ 'j U'U 1lJ 1 Q ~ tI 

• u ~ 

, , ", 
I I d Q.I , dId 4 ..:::1& d 

Yi'U11 'lf1.:jnm'Vlffflff1lJ'lJU.:j PMu(TSP lJm"l.:j'Vl"l~'lJU.:jYilJ'Vlf'l'f11J11'IJ1PI'j1'lf1'Vl1 f1~.:j1'VlYilJ'H1lJm 

~U 2l.00-03.00 lJ . n1l \1~tllJ1\11f1f1l'j,j~fl,jriUtI\11f1'YiU lu!iYtl'IJ U.:j1fl~ U.:jtJlJ~~l9fmtllJ'H "f1 ri1lJ 

l;$tI.:j i 'H li Yi'U -)ln~ 1 ff.:j i lJ'li1.:j nmt11 'lilJ nlJ ~.:jlJl \11 f1 f1l 'j 1H1 i lJ ~ 1 ri.:j 1 tllJ 'H" f1 ri.:j H ~ i l1' Yi 'U 
~ 

'_I ~ 11 i ,.... i '\ .....; .,14 
5.1.2 0.:jfllJ'l::fl0'U'YIHlfl'J.J &UHua:::00.:J'UU1Vi lUflU 10 lHfl'll'J.JV!'l 'U'lnW'ftU'YIftfl'lll l'UV! 

q 

f1Ui1ml:::'I1U.:Jrl,j'j::f1U'U'Vll.:j1flnilJ PM 10 lf1'uti ff1'jfllJ'Vl~6 liWlm{'UUlJ 19f1~tllJ 

UUlJ llJ1UtllJ l,jUlPlffl;tllJ U~::Uflm;tllJ fl~U h~ llJl~'j'Vl cM~l~~ U~:::ffU,j'j::f1U'UglJ'l lfltl 

" " 
f1U 'I1l ~flrillJ 'IJ U.:j U.:jrl,j'j::: f1U'U'Vll.:jlfln 1 fl tI'Wl'HU f1 Yi 'U-)1 11.:j 3 'j::') 'Ufl11lJ ff.:j n~ l~fl ri1lJ 'IJ U.:J 

~ 
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Uffll.:! h11lh,!'hU'H ri.:!t111U lI'Ut:l 'H).:!rl11~~m)U'Yll.:!lflihJfl':! ~'U ,,~m:WU'U 111 l~lfi'U 10 llJ i m llJ~ ~ • " . 
i 'U~'U Viftmn l'U~~ l'IH 'VIi fl~ .:!!'Yl~lJ'H l'U fl~ lJl~lflfl1~ 11 ,,1111 ri t:J[Hllfl[n'U tI'U ~ 1 ~'U ril'U i my U"~ 
. . " 

ljjt:l~~l~Wl'Yll.:!ffi)9i ~Uil ~t:ltl"~'Uij.:!~'U'VI~6m{uij'U i"lvJl9l U"~ other species Viijt:l~i'Ui'U 

ril.:!ll~ij~l~W!lI ~,:!U~fllPll.:!~lfli'Umn.:!u,,~i'Uu'U t:lvl.:!ijumhflty ril'U i9fl~tllJ i11m~m~tllJ 
d ~ ~ ~ ~ Q.I " ,,; i .'" . 

Uf"'l9ftllJ fl"t:l L~lI U,,~ L'Ul~~'VI 'VI.:! 3 ~~lIUfllllJff,:!~~~UfllllJl'UlJ'U'UI'llU"~ lJlJfllllJUl9lfll'll.:! .. 
n'Ut:lvNijutl~hflW ~.:! i9fl~tllJ lm~mlt:l h ~ 11'Hri.:!t111U 11 ril'U i 'H uilJ1~ lfl'VI~l" 111 i ,r~Uil~'U u u. 

"" " " , 
m{Ut:l'U (OCIEC) i'U PM IO ~lm~~UfllllJ~':! fiij -M'UriN -M'Ufl"l.:! U"~-M'UU'U i'U~'UViftmn l'U~ 

n'lH'VIi flH!'Yl~lJ'Hl'Um u"~m~ml~m~'U~ltlil ilJ.:!l~t:lllfl1~l11~tI'Uu11".:!i'U~t:lUl'U ffllJ1HI . .. 
" ff~11ili'~.:!ij 

JI JI ". I "i :: .., i 
fllllJl'UlJ'U'Ut:l.:!fllJ~~flt:lUm~Ut:l'U 'U PM IO 'VI.:! 3 'j~1I'lJ 'Ufl~.:!!'Yl~lJ'Hl'Um 

" . 
~Uil i'Uril.:! ij~l OCI u,,~ OC2 m~tI~.:!rrll fit:l 3.7±0.4 9.3±2.S llJ imfli'lJlPlmJflUlft'OllJl9l'j 

" . o Q.I QI ..::I 1 d 1 Q.I 

~llJ"lllU 'If'Uflm.:!lJm OC3 OC4 ECI U,,~ EC3 m"tI~.:!rr1l1'YllflU 16.2±2.3 9.1±2.7 13.1±2.4 

" U,,~ O.6±0.4 llJ imfli'lJlPlt:l~flUlft'OllJ~'j I'lllJ"l~U U"~-M'UU'Uij~l EC2 m~tI~.:!rrll1'yhnu 

1.6±O.3 llJ ifl'jfli'lJlPlij"flUlft'OllJ~'j .. 

~~ij~lU~fllPll.:!n'U i 'U'YJm~~UfllllJ~':! t:lVNijUtlrllflty ij.:!r111'j~flijU~'U"l i 'Um{Ut:l'U 1'lllJ'j~~U 
" " fllllJ~.:!~~hju~fllPll.:!n'U ril'UfllllJfflJ~'U,j'j~'Hil.:! OC u"~EC nu PM ,O ~Uil i'UriNlm~i'U . " 

U'U OC U"~EC ijfllllJfflJ~'U,j'Yll,:!UlflnU PM IO t:lVl.:!ijUtlrllfltyV.:! ril'U1'U-M'Uril.:! OC ij 

Q.I Q.I" Q.I 'QGJ 0 Q.I ~ d Q.I Q.I tI Q.I , d 

fllllJfflJ~'U1i'Yll,:!UlflflU PM ,O t:ltlHlJ'Utlfflfltytl.:! EC lJfllllJfflJ~'U1i'VIHUlflflU PM ,O t:ltll.:!lJ 

Q.I 0 Q.I .& 'Q.I Q.I tI~ d i" I " " ... 1 Q.I 

'UtlfflflW 9f.:!~lflfl1'j'HlmfllllJfflJ~'U1i'U~~m'U lIl1fllllJl'UlJ'U'U'Ut:l.:! OC U,,~ EC UlJ'jH'U~H 
u 
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.: d.c:i d , Q.I.ct' J , 

'\JV.:JVfU 'Vlfl'flll 1fl ~ .:Jl'VlVnJ'H 1'Um ~::1 'H'U 11 PM 10 i'U l'J fl'j ::mm11lJ \1.:JlJfIl \1.:J '\J'U i 'U'ln.:J n~l 

fl~l.:J$i'Ul'lf'Ul~rnf)'U 1~V.:JlJ1 ~lflU 'H ~.:Jtll1'U ~'\J U.:J PM 10 lJl ~lflfll';i tJ~~ tJ~ mJ~ 1fl1fl~ U.:J tJ'U ~~1C)f~ 
.k "'_I"" i' "i C)f.:JlJu ';i lJlOl lJlfl 'U'lf1.:Jl1mfl~1.:Jfl'U 

~ .Q tI tI i Q.I .: d.c:i 
llJU~~1';iOl1U.:JfltJ';i::flUUfIl';iUV'U 'U 'Vlm::~Ufl11lJff .:J'\JU.:J~'U'Vlfl'flll1 ~u'h 

• OJ 

d ",., .d .4 Yd" o.Q tI ~ 
lJfl11lJl'\JlJ'\J'U'\JU.:J OC3 \1.:J'Vl"l~ ';iV.:J~.:JlJ1flU ECI uff~.:Ji'H1'H'U11U'H~.:Jflll'U~fIl';iUU'U'Vl.:Jff1lJ 

" "', . 
';i::fi' ui'U '\JU.:J~'U nffflll 1 lJl ~ 1fl fll';i tJ~~tJ ~ utJ 1 miY tJ ~1 fl1fl ~ U.:J tJ'U ~lU'U ~'U U~:: n1C)fill ~';i 1~ tJlJ 

1'I1~1 (LPG) l~'Umrfl ff1'U OC2 ~~UlJ1fl1~'U5'Ufi'U~ff1lJ l~'U"lUVfl 1~'h fIl{UV'UlJ1~lflfll';i 
_I _I' ~ '" 4 0'", .k i" ""i "" 0' 'i ' 
u~~u~fltJ WlfftJ~lfl1mU.:JtJ'U~~lC)f~ U~:: OC2 OC3 C)f.:J 'lf~Ol'HlJlJ 'Ufll';i1lm1::'HV~ 'U'lf1.:J 350 

°c ~.:JUUfll1V.:JtftJ';i::flVUfIl{UU'Uri1'U i 'Hqj~~';i1~1~ 1~1~'U VOC 

d1" 0'_1 0' i 1 "i 
fll';ifl'flll1';iUtJ~::'\JV.:JV.:Jflu';i::flUUfl1';iUU'U 'U PM ,O ~tJ~::l~Ufl 

d1 " i _I':! '" ,..." " fl'flll1 ';iutJ~::'\JU.:J TC OC U~:: EC 'U PM 10 lu';itJU1'VltJum1lJU~fl~NflU fl11lJl'\JlJ'\J'U'\JV.:J TC OC 
.. 

U~:: EC i'U PM 10 ~Ul1 rutJ~::'\Jv.:J TC i'U PM IO U~:: EC i'U PM ,O ~::~u~l\1.:J"l~i'Ui'Uflm.:J 
, " , " " 

u~::~l"l~i'Ui'U~l.:J ~h'UrvtJ~::'\Jv.:J oc i'U PM IO ~::~u~lm~tJ\1.:J"l~i'Ui'Ufl~NU~::i'Uu'U ~h'U 
,,, I " 

~l~l"l~~::~ui'Ui'U~N 1'lf'Ul~tJ1f)U TC U~:: EC lijmtJ1tJulntJu~lrUtJ~::i'U PM ,O ';i::w)l.:Ji'U .. .. 
1 i " """" Q ~", " i '" 'i ..., , ... fl11lJ\1.:J ~tJ 'lfff\l~ ~::1'I1'U t~11 ';iUtJ~::'\JV.:J TC U~:: OC 'UPMlOlJfIl 'U'lf'U~1.:J U~fl~l.:J~lfl'lf'U .. .. , 

fl~NU~::i'Uu'U Ud1.:J~t!tJ~hr1ty ~h'U EC i'U PM 10 ~::~~ll1~fl~Nf)'Ui'Ul'Jfl'j::fi'ui'Un 

Yi1fll';iffflll1 lrlmmtJUlntJU'Vll.:Jffi)~'\JU.:J TC OC EC i'U PM ,O i'UU~~::';i::fi'Ufl11lJ\1.:J ';i::'Hl1.:J 

" 0'_1 0' i " " 0'_1 0' i ';iUtJ~::'\JU.:JU.:Jflu';i::flUUfIl';iUU'U 'U PM ,O U~::fl11lJl'\JlJ'\J'U'\JV.:JU.:Jflu';i::flUUfIl';iUU'U 'U PM
10 

~:: 

Q ~", , ,,, i ... ~"....;..1 
1'I1'U t~111';i1ff1lJ1';i\l1Wflfl11lJU~fl~1.:J';i::'H11.:j';iUtJ~:: 'U PM IO ~1lJ';j::~Ufl11lJ\1.:J t~'lf~l~'UtJ.:J'\J'U 

4 '" ... i " "" 0'_1 0' ... .k ~ , llJm'VltJUflUfll';i 'l1fl11lJl'\JlJ'\J'U'\JU.:JU.:Jflu';i ::flUUfIll U U'U ~lflfll';im 1~1~ C)f.:j tlJ ff1lJ1';i \IUUfl 
.. 

m1lJU~fl~1.:J'Vll.:jffi)~i'Uu~~::';i::fi'Ufl11lJff.:J U~::V.:J~Ul1 rUtJ~::'\JU.:J OC U~:: EC i'U TC l1.:JffllJ .. 
l::fi'Ufl11lJff.:J ~u'h OC i'UTC ~U'U1 1,rlJ'\JU.:J~lm~tJ~::1'~lJ~'U\PlllJ';j::fi'Ufl11lJff.:j ff1'U EC i'UTC .. .. 
~U'U1 1 ,rlJ'\Ju.:j~lm~tJr UtJ~::~::~~~.:j~1lJ';j::fi'Ufl11lJff.:j Url::~lflfll';iilm1::11''Vll.:Jffi)~ ~Ul1 i 'U .. .. .. .. 
i'UU'U~~lU~fl~1.:Jf)ui'U~1.:jU~::i'Uflrl1.:J udN~t!mY1r1ty U~:: rutJrl::'\Ju.:J oc i'U TC ~~lUtJ';i~'U . 
~1lJ';j::fi'Ufl11lJff.:J UdN~t!tJ~hr1UJth ff1'U EC i'UTC ~::UtJ';iHfl~'Uf)U';i::fi'Ufl11lJff.:j Ud1.:J~ .." .. 
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~Hlf)1'H'l'~11l11lfl~rl'th:;flfl'Ufl1{m)'u"u PM 10 -U 1lJ1'l11~1~lIriTU"tJfl~ OCIEC 
I, I " 

Un:;'I1l~l hn fl'Ulum ~tJ l~flllf)1'HU~tlUUUn~ i U~fl'U1U 11 1 fltJU-U l~l~lIrilU "tJfl~ OCIEC lJ1 
'" 

'\11fhflUYl1Vfl1{'UflU~U~ 2 (SOC) 1~flVillnW1l1l1ri~tl1lijll"tJfl~ OC ~~~11l11l1~ ~llJ~:;~'U 

" 1l1flf)1~'\11~1~lIrillJ"tJfl~ OCIEC iu PM 10 11~U1m:;~mn1lJ'l~ilJ 

" . 
Un:;iUriN mlJ"l~'U ~lIrilU"tJfl~OCIEC li~'Uij~lU'thHU~llJm1lJU~ U":;1l1flf)1~'\11~1~lIriTU 

'" 
• " I , 

hnfl'Ulum~tI ~'U ',ill1~ 3 ~:;~'Ufll1lJU~ij~1~lIriTU"tJfl~ OCIEC u~UlIiU ')h~U1tl~~fh l)jfl 
'" '" . 

111t1YlNUi)~ ~'U11 iUriNijfll1lJ~lJ~Un 'l~~L!f) ~~iml'l~tI~fl'Uiuflm~ un:;iu'Uuij 

fll1lJ ~lJ ~ U n ~1 Uf) OC Un:; EC i u u1i n:; ~:; ~'Ufll1lJ U ~ ij fll1lJ ~lJ~ un flU mh~ijtJ tI ff1fl ttl 
• .. u 

. " " 
m1lJ~lJ~un"tJfl~ OC u,,:; EC liiuri1~un:;iuflm~ ij~liml'l~tJ~flU 

.. . ... q'. OJ q 1 1. 
5.1.3.3.2 8t!'Y\'mfl1'1'U8t!'Ut!'Y\in)~ (Secondary organic carbon) t!~t!tl:;88~ 

'UtAlVllJlflt! 10 '1I1mn.JVI'1 

" l,JlJ'Ij'U"tJV~ OC Un:; EC lJ1'\11~1 SOC ~llfltJlJfi1lJ1W'\11~1 ~Vtln:;"tJV~ SOC iu OC Un:;'\11 
. . " 

~lm~tliu~V'U1U ~'U11 SOC Un:;~Vtln:;"tJV~ SOC/OC ij~lm~tI~llJ'l~L!lIiuiuflm~ ~V 

, ." , , 
m1lJl,JlJ,JU"tJV-:! OC li~'U11 ij~ml ~tlU ~Uf) i U-MlJ flmWMUflU un:;1)jflVi1l1~W 1fhm ~tli U~V'U ... . 

'1111 (PM1orrSP) 



Q.I Q.I tI t Q.I , Q.I Q.I 

fl 1 ~ '111 fl 11 lHY lJ 'VHJ li ~ ~ '111 H bHl {T' 1 'W 'U U ~ PM,/fSP f11Hl fl il OJ ~ 'Yl H 

~ ~ ~ ~ Q.I Q.ld. ~tI ~Q.lQ.ltI d 
fJlfJ'WVlJ1'YlVl flU fJOJ'I1iJlJ fl11lJ~'WU~~Vlf)1fl' H{T'~1~tl1'Yl~V fl11lJ'lf'W{T'lJ'Yj'Ylli fl11lJt~1nlJ Un~ 

" I Q.I I Q.I Q.I ~ ~ 4 ~ 

fl11lJ "! ~ H{T'lJ 'YjU 11 {T'~ {T'1'W 'UU~ PM ,/fSP flU n flilOJ~ 'Yll~ fJlfJ'W VlJ1'Yl Vl'Yj'W H1 Un~fl11lJ,,! ~ H{T'lJ 

'hjijfl11lJbYlJVl'Wll n'WUdl~ih1Vbh~tlJ'YlN{T'()~ vf~ 3 ~'W~t1flill U{T'~~ 1 11'1l1'W 11f)1~ lt1~v'WmJn~ 
" . 

bY~ff1'W'UU~ PM,/fSP 1'Wm1n~i'Wfl11lJ"!~til~~lJl~lfl1]~~VU'W 1'lf'W 11'11ri~fh1'l1~ 1~V~H 

Q.I Q.ld. ~tI ':Q.lQ.ltI d , 
fl11lJ~'WU~~Vlf)1fl' H{T'~1Hl1'Yl~V fl11lJ'lf'W{T'lJ'Yj'Ylli fl11lJ1nnlJ Un~fl11lJ{T'~H{T'lJ 'YjU11 

" 
" bY~ff1'W 'Uu~ OC/EC 11t1mm.r'Wnufl11lJ~'W bYlJVlml 11~~~11 tI~ ~'WVlllJUOJ '11 fllJ mh~ij'l1vffl~ru 

• " u 

" . 
11n ~ 11 tI ~ ~'W m lJ fl11lJ {T' ~ H{T'lJ ..1 ~ {T'llJ ~ ~~ Ufl11lJ {T' ~ 11 {T'~ ~ 1M 111 'W 111] ~ ~ V'Yll~ UVI U VlJ i'Yl Vl Yi ij 

cu cu .... 

Q.I Q.I ~Q.I Q.I , Q.I ~ d.:i e1~ ~ Q.I Q.I tI 
fl11lJ {T'lJ'Yj 'W li flU {T'~ {T'1'W 'U U~ OCIEC mm ~ ~ U fl11lJ {T' ~ 'U U ~'Yj 'W 'Ylfl'flill'W flUfl11lJ 'If'W {T'lJ'Yj 'Ylli 

" 

n~ uu~'u'w 1~1~ fl~l 1l'W fl'W VI ~ lV~ U"l'Ufll'Yj'UU~lJ'4il V 'Yju11ijYl1 'lJ11V1fl~l~n'W 1 'W l1~n~ ~ ~~U 
" fl11lJ{T' ~ tl1 ~{T'~ {T'm 1lJ~11 1l'W ~'W n~ uu~'u'w 1~ 1 mu'~ 11n~Vlfl{T'~ {T'lJn~ ffIUU~ ri N ff1'W bY~ ff1'W 

~ .. u cu . d, ,,<9 1 "!I I ... 
'Uo~ PM ,/fSP 'Yl ~ \llflf)1H1fliJl{T'llJ1HIUUfl11'W 1 'WlJ'UU~~'W n~ UU~l1V1n~'U'W l~Vllm ~~U 

fl11lJ {T' ~, ~ 11 n~ flVl ~ lfl1~ n~ M'U U~ ~'W n~ UU~ ~ Ufl11lJ {T' ~ 1 llJ VI~ {T'llJl~ 01 cM'11l 'Wll 'W 1'Yl1~ 1 'W .. . .. 
f)1~ t1flill 1 'W~'W~t1fliJl~'W"1 ~U, tI ~~lh 1 tI~fl1~ 111'W lVfl1~ lt1~V'Wll tln~'UU~ ~'W n~ uu~mlJ 

" . 
~~~Ufl11lJ,,! ~'UU~Vi'WYit1flill 1 'WtI~ ~1'Ylfl" 'Yl v'~ lln~ V~'YjUVfl11~'W n~UU~ lln~{T'l~tI~ ~flUU 

m{ uu'w ijYl1{T' ~ 1 'W 'lf1~flb11~~'W fl'Wijfl'W'Yl'1vm{ uu'W~~tI~ ~flUU~ 1V{T'U nUlJ~l ~ ~~1~"11'lf'W 
" 

PAHs {T'1~ tI ~ ~ flUUU~ b llJ~fl ij 1uf)1{T'nu 1 11'lfi~ fl'W VI ~ lV~U{T''Ufl1'Yj'U U~lJ'Wil v1 'W 'lf1~l1nl • • 
~ ~ flri 11{T' ~~'W \llflflU t1flil 1'1V1 otl~ ~ {T' ~fi''I1 ~ fl'U U ~ ~ 1'W i~ viflJ ~1 u'W 1 'WI ~ U~ fln t1flil lfl11lJ .. . . 

,., ,., Q.I d i'" t Q.I ~ dd t Q.I 

l'UlJ'U'W 'UU~lJn{T'l~ mm ~~Ufl11lJ{T' ~ ~~1'I1'W ~ 11~ ~ ~ Ufl11lJ {T' ~'U U~'Yj'W 'YllJ HnVlUf)1~ m ~ ~ lVVl1 
" " 
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5.2.1 fl 1 1 1 i\ 8 fl hrVl 'U Vi fffnHYi jj It 11 ri.:j n It'W ~l'Yi It ~ fll'i1 ,Hi 'U 

5.2.2 fl11 1~lJfl1UJ~ ~1'U 1'U 1'U 1 'Uf1l1 1flU~18ci1.:j 11 ~811 mvq~f1l" 1~8 hn~,rtJl.!,,~ 
I .,; <'t .1 

'U 11 'lf8f1 8lJ 1fl'\J 'U 

5.2.3 fl 11 fffl1l18.:j~1.h:: fl 8U 'Yl N 1fl jj '\J 8.:j H'U" ~ 8 8.:j 1 ~ lJ1~lJ 1 ~ mYllJU fI ~111'U flO.:j . 
1111ri.:jn11iJ~'\J8.:j~'U "~88.:j~lm ::~Ufl11lJ"l.:j '~i~1 'il'U~.:j~'U 1'lf'U hl1:: m! fl 



[Online]. f1l~I'YlYUJ'I1l'UfI'L U'I1~-3-nlJl: http://www.onep.go.th/[5 lJmlf1lJ YUl'. 2552] 
.. . ., ., i .ld.I" ""'.1 d 11 

f1CltJ1m ~-3~ ~ 1~ 'n\!. 2549. f11~ 1 uClV'UU uCl-3f11llJl'UlJ'U'UUCl::V-3f1 u'J ::f1VU'Yll-3lfllJ'U tHf',f'U Cl:: tHl-3 

'U'Ul~ i~ln'U 10 ilJmv'U lU~-3'111~fflJ'Yl~U~1f1U. i'YlVlih/i'U£U~WWllJ'I11UWcii~ 
4 u U 

0' ~ cv 0' 
f1W::1'U fl'lffm lJ'I1l1'YlV1ClVlf11Jm fl'lff~ ~, f1~ -3l'Yl'V'l"1. 

.. . 
~~l V'U'Yllff'U. 2551. ~f11Jw::'UV-3i'Uu~~ Vlf11fl'-n~HCl~tlf11m~::~lV~1'Utl-3fh:lf ltll9f'U mJf1 i9f~'Utl-3 

, 'U 1~~ l~U UCl::tll9fm{ Utl'UlHl'Utlf1 i Clf~ ~llJU'U 1')::~ Ufl1llJff -3 UCl::f11~ lU~ V'UUUCl-3'Utl-3 .. 

ocvc.tI C6 c:v tI 

f1Hl'Yl'V'llJ'I11'U f1~: ffl'U f1'V'1lJ'V'IlJ'I111'YlV1ClVlf11J~ ~ fl'lff~ ~ . • 
Clio Co.c:. " I d. Q QQ 0' 
U~Vl lJ'I11HCl . 2533. ltlf1ffl~f11~fftlU'l!~1'lflf1Q'I1lJlVff-3111~CltllJ 'I1'U1V'Yl 8 ffl'U11'lfl'U~fl'lff~~ ... 

lJ'I1li'Yl Vl~ Vff 1 'U11 Vli ~ ~ lJl n ~ lOlL YilJ-Wfl f -3-n I. f1 H l'Yl'V'll 'Yl'V'llJ 'I1l'U m: "hW' f1YilJ-W . . 
lJ'I11i'YlVl~v'll 'U~Vli~ ~lJln ~l'lf. 

1~ 11li 1 ii'tl~. 2542. f1U U ~:: lij'U HCl m:: 'YlU~ l'U lJ ClYi1J'Yl H tll f11fl' 1~ V 1 ~llUU ~ lCltN'YlH 

A tI ocvao' A Q,I tI 

f1W ~fl'lff~~. f1Hl'Yl'V'llJ'I1l'Um: fflU f1'V'1lJ'V'IlJ'I111'YlV1Cl Vli ~ ~ lJfl'lff~~ . • 
1'U~l \)'Ufl'lff~1. 2550. lJClYimJ1f11fl'lm::f11~ ~~f11~f1Wfl1'V'1mf11fl'. fl1f1i'lfli'YlVlfl'lff~{..t1 i U • 

o Q.I Q tI tI Q Q.I 

f1~ -3l'Yl'V'llJ'I1lum: ffl'U f1'V'1lJ'V'I ~W1Cl-3m WlJ'I1l1'YlV1ClV. 

i'lfl iJVlJ. 2535. tl'Ylf1i'YlVlihil!. YilJ-Wflf-3~ 3. f1Hl'Yl'V'llJ'I1l'UfI~: • • 

o Q.I Q tI tI Q Q.I 

ffl'U f1'V'1lJ'V'I ~W1Cl-3 m WlJ'I111'YlV1ClV . • 



97 

.c:. Q,I tI.c:. CI.I 

l'YIfmW ~Wl(1~mWU1111'YItJ1'W 

riTUUH,\Nl'UU(1~th- ~Ul(1H(1 rilU f)~fI f1l)fI Wm'VH)lf1lfl'U(1~ L iYtI~ f))lJfll1Jfl11U(1Yl1J. H(1 f1l) • • 

~)l~lf1~Wfll'YHllf1lfl''\Jfl~lh~L'YIfl'''YIti iJ'Y'l.fl'. 2547-2551. [Online]. f)~~L'YI'Y'lUl1l'Um. 

Ul1ri~-¥i1Jl: www.aqnis.pcd.go.th. [13 'Y'lqfl'~f1ltl'U 'Y'l .fl'. 2551] 

" "li'~,r ,jll~fl'. '\Jfl1Jl'\J~'\Jfl~i'U1J))t11f1lfl'. 1flf)ffln.h~f)fl1Jf1lH"fl'Ul'lfl Fundamental Air 

Pollution [Online]. 

'Y'lqfl'~f1ltl'U 2550] 

, '" 
f)~~L'YI'Y'lUl1l'Um. Ul1(1~'YI1Jl: http://asrg2006.googlepages.com. [5 

"" ., 
11 111 1 'YI tJ1 (1 t1. 

o Q,I GI Q .c::. Q,I .c:. 

ffl'U f)f1l) ~flf1l)~ Wfll'Y'lfllf1lfl'U(1~1ff t1~, mUfll1J~ UU(1'Y'l1J, m ~'YI) 1~'YI) 'Y'ltllm Ti)) U'lfl~U(1~ 

. " . 
iY ~lnflftflU. 2546. ~ijflf)l)~)1~1f1H'U(1~flfl~i'Um)t11f)lfl': Yl1Jl{fI~ ~-¥i 1. f)Hl'Y1'Y'lUl11'UfI). 

'6 4 CII 

Arya, S. P. 1999. Air pollution metrology and dispersion. Oxford University Press, USA. 

Badarinath, K.V.S. and Latha, K.M. 2005. Direct radiative forcing from black carbon aerosols 

over urban environment, Advances in Space Research 37: 2183-2188. 

Cao, J.J., Chow, J.C., Lee, S.C., Li, Y., Chen, S.W., An, Z.S., Fung, K., J. Watson, G., Zhu, C.S., 

and Liu, S.X. 2005. Characterization and source apportionment of atmospheric organic 

and elemental carbon during fall and winter of 2003 in Xi'an, China. Atmospheric 

Chemistry and Physics Discussions 5: 3561-3593. 

Cao, J.1. , Lee, S.C., Ho, K.F., Zou, S.c., Fung, Kochy, Li, Y., Watson, John G., Chow, Judith C. 

2004. Spatial and seasonal variations of atmospheric organic carbon and elemental 

carbon in Pearl River Delta Region, China. Atmospheric Environment 38: 4447-4456. 

Cao, J.J., Lee, S.C., Ho, K.F., Chow, Judith C., Watson, John G. 2006. Characterization of 

roadside fine particulate carbon and its eight fractions in Hong Kong. Aerosol and Air 

Quality Research 6: 106-122. 

Castro, L.M., Pio, C.A., Harrison, R.M., Smith, DJ.T. 1999. Carbonaceous aerosol in urban and 

rural European atmospheres: estimation of secondary organic carbon concentrations. 

Atmospheric Environment 33: 2771-2781. 



Chan, L.Y. and Kwok, W.S. 2000. Vertical dispersion of suspended particulates in urban area 

of Hong Kong. Atmospheric Environment 34: 4403-4412 . 

98 

Chan, C.Y., Xu, X.D., Li, Y.S., Wong, K.H., Ding, G.A., Chan, L.Y., Cheng, X.H. 2005. 

Characteristics of vertical profiles and sources of PM2.5, PM 10 and carbonaceous species 

in Beijing. Atmospheric Environment 39: 5113-5124. 

Chow, J.e., Watson, J.G.,Lu, Z., Lowemthal, D.H., Frazier, e.A., Solomon, P.A., Thuillier, R.H., 

and Magliano, K. 1996. Descriptive analysis of PM25 and PM 10 at regionally representative 

locations during SJVQS/AUSPEX. Atmospheric Environment. 30: 2079-2112. 

Chuersuwan, N., Nimrat, S., Lekphet, S., Kerdkumrai, T. 2008. Levels and major sources of PM25 

and PM 10 in Bangkok Metropolitan Region. Environment International. 34: 671-677. 

Dan, M., Zhuang, G., Li, X., Tao, H., Zhuang, Y. 2004. The characteristics of carbonaceous 

species and their sources in PM25 in Beijing. Atmospheric Environment 38: 3443-3452. 

Desert research Institute. 2005 . Procedures. DRI standard operating procedure. 

Duan, F., He, K., Ma, Y., Yingtao, J., Yang, F., Lei, Y., Tanaka, S., Okuta, T. 2005. 

Characteristics of carbonaceous aerosols in Beijing, China. Chemosphere 60: 355-364. 

Gelencser, A. 2005. Methods of observation of carbonaceous aerosol. Carbonaceous Aerosol: 7-44. 

Guinot, B., Roger, J. C., Cachier, H., Pucai, W., Jianhui, B., Tong, Y. 2006. Impact of Vertical 

atmospheric structure on Beijing aerosol distribution. Atmospheric Environment 40: 

5167-5180. 

Hildemann, L.M., Markowski, G. R., Jones, M.C., and Cass, G.R. 1991. Submicrometer aerosol 

mass distributions of emissions from boilers, fireplace, automobiles, diesel, truck and 

meat-cooking operations. Aerosol Science Technology 14: 138-152. 

Ho, K.F., Lee, S.C., Chan, C.K., Yu, J. e., Chow, J. C., and Yao, X. H. 2003. Characterization of chemical 

species in P~and PM IO aerosols in Hong Kong. Atmospheric Environment 37: 31-39. 

Huang, L., Brook, J.R., Zhang, W., Li , S.M., Graham, L., Ernst, D., Chivulescu, A., Lu, G. 2005. 

Stable isotope measurements of carbon fractions (OCIEC) in airborne particulate: A new 

dimension for source characterization and apportionment. Atmospheric Environment 40: 

2690-2705. 

Lonati, G., Ozgen, M., Giugliano, M. 2007. Primary and secondary carbonaceous species in PM2.5 

samples in Milan (Italy). Atmospheric Environment 41: 4599-4610. 

Qin, Y., and Oduyemi, K. 2003. Chemical composition of atmospheric aerosol in Dundee, UK. 

Atmospheric Environment 37: 93-104. 



Salma, I., Chi, X., Maenhaut, W. 2004. Elemental and organic carbon in urban canyon and 

background environments in Budapest, Hungary. Atmospheric Environment 38 : 27-36. 

99 

Schwarz, J. , Chi, X., Maenhaut, W., Civis, M., Hocorka, J., Smolik, J. 2008 . Elemental and 

organic carbon in atmospheric aerosols at downtown and suburban sites in Prague. 

Atmospheric Research 90: 287-302 . 

Sasaki, K. and Sakamoto, K. 2005. Vertical differences in the composition of PM 10 and PM2.S in 

the urban atmosphere of Osaka, Japan. Atmospheric Environment 39: 7240-7250. 

Turpin, B.J., Cary, R.A. , Huntzicker, J.J . 1990a. An in-situ, time-resolved analyzed for aerosol 

organic and elemental carbon. Aerosol Science and Technology 12: 161-171. 

Turpin, BJ. and Huntzicker, J.J. 1995. Identifcation of secondary organic aerosol episodes and 

quantitation of primary and secondary organic aerosol concentrations during SCAQS. 

Atmospheric Environment 29: 3527-3544. 

United States Environmental Protection Agency. 1994. Guidelines for PMlQ sampling and 

analysis applicable to receptor modeling. Triangle Park, North Carolina. 

United States Environmental Protection Agency. 1996a. Air quality criteria for particulate matter. 

volume 1. Triangle Park, North Carolina. 

United States Environmental Protection Agency. 1996b. Air quality criteria for particulate matter. 

volume 3. Triangle Park, North Carolina. 

Wallace, J.M., and Hobbs, P.V. 2006. The Earth system. Atmospheric Science and introductory 

survey. Second edition. :41-45, 160-198. 

Wangkiat, A. 2002. Source receptor modeling of particulate matter in Mae Moh area. Doctor of 

philosophy's dissertation The joint graduate school of energy and environment King 

Mongkut 's University of Technology Thonburi. 

Watson, J.G., Chow, J.C., Lowenthal, L.C., Pritchett, C.A., Frazier, C.A., Neuroth, G. R. , and 

Robbins, R. 1994. Differences in the carbon composition of source profile for diesel and 

gasoline-powered vehicles. Atmospheric Environment 28: 2493-2505. 

Yuan, Z.B., Yu ,J.Z., Lau, A.K.H., Louie, P.K.K., and Fung, J.C.H .. 2005 . Application of positive 

matrix factorization in estimating aerosol secondary organic carbon in Hong Kong and 

insights into the formation mechanisms. Atmospheric Chemistry and Physics Discussions 

5: 5299-5324. 

Zhang, R.J., Cao, J.J. , Lee, S.C., Shen Z.X., Ho, K.F. 2007 . Carbonaceous aerosols in PM IO and 

pollution gases in winter in Beijing. Journal of environmental sciences 19: 564-571 . 



fllflHlflfl 



illflHU1fl fl 

.. . 
.Q ~ Y4 .c::t.et , ":il 
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q " " , 1 .... " .,. fllnUl o-} fl11lJl'UlJ'U'W'UtI~ PM IO ( lJ fl'Hl,)lJ~t1'Jfl'UlfffHlJ~,) U,)l1Wl'Ylff'Ul"'Wfl') 

111~ h1q1 ihlfltl111~ 111q1 i~l1i~ff~'Um ,)~l1il~iJ ~ . ff. 2547-2551 

.. ihtff.2547 iJ'I'I .ff . 2548 
l~nl'U 

thl\l~tJ 24 i'll1J~ (Ilglm' ) ftlilliio fi1l\"1~tJ 24 -i111J~ (Ilglm' ) ftllllnO 

fhll~t[A fh~,t[A fli'~>std 11mlioll filr.!~t[A fi'¥i'll~ fl i'~>Sld 11mlioll 
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42.2 16.4 0/30 24.7 88.1 11.3 0/27 37.6 61.6 

fllllfl1J 45.0 21.0 0/31 30.0 86.9 13.8 0/31 41.2 63.6 

120 120 

'111JltJllf,! ' : ,rtllJaftltJa:: 50-75 

~,\HI::tHN'II'Ul~'lhfi'U 10 '1J1ml1J~1 (PM JII) 

.. iJ".ff.2550 iJ" .tl. 255 1 
1~6'U 

ti11\l~tJ 24 i'll1J~ (Jlglm' ) till\l~tJ 24 i111J~ (Jlglm') ftllll~O ftlilliiu 

tilr.!~t[~ ti,¥ilt[A fli'~>std 11mlioll filr.!~t[A til¥illlA f1 i'~>std 11mlioll 
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.:i " " , i QJ' ~ Q Q gJl'nnl 0-2 fl11lJl'11lJ'II'U'IIfJ.:j PM 10 ( lJ mmlJ~fJ~f)U1fff11lJm) U'il1Wlf1'l1~'lIlJ'lf'U~'Ull~.:j 

fI'U'U~'Ull~.:j f)Hl'Ylv.lJ'l1l'Um 'i~'l111.:jiJ V. .ff. 2547-2551 • 

.. illUI.2547 ihuf. 2548 il'l'l.fI.2549 
I~U)\l , ~ 

fl111l110 fillll~V 24 i1 hH (llglm
J

) ft111l~D 
nOlMlJlI fi"'l~ll~ fil9illl~ flr~>sld 110lMlJlI 
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185.1 40.7 4124 80.5 67.6 36.7 om 47.8 174.8 53.2 11126 

jjlll~1J 141.7 40.3 1130 62.9 107.8 18.1 0/31 43.2 146.1 50.8 3131 
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jj1l1ftlJ 98.5 43.9 0127 60.9 205.4 34.4 7/31 72.7 

W1I1DlI 101.0 34.8 0128 62.8 105.2 26.2 0/28 61.5 

1IqlllllftlJ 130.0 43.0 1131 76.0 101.7 32.9 0/31 61.6 
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iU'-IfIIJ 105.6 25.7 0/31 68.6 112.2 26.0 0/31 57.4 90.5 39.3 0129 65.5 

ftllllft'JlU 120 - 120 - 120 -
lflJl!J1lf'l": {v~tI!vtJtI:: 50-75 

~'Ilt'l::fltN"'Illft 1liln'll 10 '11 lfll 111 m (PM,,.} 

... U'I'I .fI.2550 UVI .fI. 2551 
IAf)'Il 

tillll~tJ 24 il11J~ (Ilg/m') ftlllliiD tilLII~!J 24 il11J~ (Ilg/m") tillllftD 

tilt!~tfl'l ti19i1111'l fli'~>Sld llDlftVU fhi!~lli'l til9i1l!1'l 'ili'~>std 'lDlftVU 

IInlll1l1 138.6 45.3 1122" 70.5 98.6 36.4 0131 64.2 
~ , 

fjl10111UI 162.2 24.5 7127 97.0 100.1 43.1 0128 65.1 

JJU1111J 396.4 62.0 19125 162.5 178.9 59.8 7/28 99.9 

W"llJll 154.8 29.0 3/23 74.6 131 .0 12 .8 1/2 9 60.5 

1IqllnlfllJ 55.2 20.1 0125 35.3 61.2 21.3 0/31 36.3 

UQUlOlI 40.2 20.5 0/30 29.4 63.1 20.3 0/30 34.1 

mnQlfIlJ 42.7 18.3 0131 30.2 38.5 12.7 0/29 24.1 

a~111111J 34.9 20.6 0/31 27.3 31.3 15.1 0/3 1 22.5 

nUD1Du 57.3 18.2 0/30 35.3 50.8 18.5 0130 29.5 

'11111l1l 75.5 19.6 0/31 43.6 57.5 20.8 0/31 31.3 

1IqlliOlDU 94.3 24.2 0125 51.6 62.5 20.0 0/30 38.3 

iU11flll 75.1 32.4 0/31 53.6 

ftllJlfIl!lU 120 - 120 -

lflJl!JLlf'l " : {tl~tI!!lIJtI:; 50-75 

~lJl : ~flmJtl-Hl1n rhl.Jm-n.J~ll.JUtl::lh::lJ1m-m ~hirn~flmHlwm'YHJ1mfYUtl::lffV~ n'HJfI11JfllJlJtlYill, 2551 . . 
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• I " , 

Vll'1Hn 'U-1 fl11lJl'lllJ'IlU'lJtI-:j TSP (!lglm
3

) 'j:;",dn)u-n 17-20 iU11f1lJ VU1. 2550 1J~nw~u-n 

flfl1:n iillfltll11~ i 'I1tY ~-:j'l1'!~ 'ff -:j'IJ0l 

v v ) fl11l1111l111U1It>-3 TSP (J.lg/m . . . . .- ... .- , OJ .-
1UYI 11 ill 'VUill-3 'VUOill-3 'VUUU 

17-18 JUl . 2550 21.00-03 .00 U. 45.7 35.5 57.9 

18li .fl . 2550 03 .00-09.00 u. 45.6 34.0 40.3 

18 li .fl. 2550 09.00-15.00 'U . 49.0 28.8 34.0 

18 li. fl. 2550 15.00-21.00 'U. 34.2 28.2 44.3 

18-19 li. fl. 2550 21.00-03.00 'U. 33.4 36.7 35.4 

19li.fl.2550 03.00-09.00 'U. 54.5 33.9 39.8 

19li.fl.2550 09.00-15.00 'U . 43 .8 37.8 59.5 

19li.fl.2550 15.00-21.00 'U. 48.2 48.5 55.6 

19-20 li.R 2550 21.00-03.00 'U . 45 .8 35.1 54.1 

20 li .fl. 2550 03.00-09.00 'U. 43.5 35.5 45.2 

20 li .fl . 2550 09.00-15.00 'U. 45.5 39.5 54.4 

20 li.fl. 2550 15.00-21.oo'U. 40.0 38.0 61.5 . , ... 
fl111liltl ± SD 44.1±5.9 3S.9±5.2 48.5 ±9.8 

.ci " " I " , 

VIl'lHn 'U-2 fl11lJl'IJlJ'lJU'lJtI-:j PM IO (!lglm
3

) 'j:;'I111-:jlU-n 17-20 iU11f1lJ 'rut 2550 1J~nw~u-n 

flmn iil1fltll11~i'l1tY ~-:j'l11~'ff-:j'IJ~1 

tl11l11'1lll'llU1It>-3 PM ,O (Ilglm) . . . . 
OJ ... OJ 

, ... .-
1UYI l1il1 'VUilH 'VUOill-3 'VUUU 

17 li .fl . 2550 21 .00-00.00 'U. 24.2 48.9 47.8 

18 li.fl. 2550 00.00-03.00 'U. 36.3 44.0 39.1 

18 li .fl. 2550 03.00-06.00 'U. 33.0 43 .0 33.8 

1811.fl.2550 06.00-09.00 'U. 49.6 49.3 38.1 

18 1I .fl . 2550 09.00-12.00 'U . 27.4 34.8 15.7 

18li.fl.2550 12.00-15.00 'U . 36.6 43.2 47.5 

18 li .fl. 2550 15.00-18.00 'U. 35.5 40.9 29.1 

1811.fl.2550 18.00-21 .00 'U . 43 .7 58.1 47 .1 

1811.fl . 2550 21.00-00.00 'U . 33.0 44.9 31.8 

19li.fl.2550 00.00-03.00 'U. 42.4 --- 28.5 

19 li . fl . 2550 03.00-06.00 'U. 61.4 32.8 34.3 
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..i " " . VIl'lH'tl "'-2 fl11lJl'\JlJ'\JlJ'\JU~ PM ,O (Jlg/m
3

) 'j~"dl~llJfl 17-20 'IllJ11fllJ 'VUl. 2550 1J~nW 
" . 

TIlJflffmn iill.f)m-f1~ imy ~~'I11~ff~'\Jcn (fiu) 

" " 1 mUJl'lllJ'II'U'IIM PM ,O (J,lglm . w w w .., ... .., , .., .., 
1'UYI 11"1 'lI'U"H 'lI'Ufl"l-3 'lI'U'U'U 

19 li. fl . 2550 06.00-09.00 'U . 38.8 46.0 41.1 

19li.fl.2550 09.00-12.00 'U . 57.9 38.3 36.2 

19 li. fl. 2550 12.00-15.00 'U. 47.3 42.3 65.0 

19 li. fl. 2550 15.00-18.00 'U . 54.0 41.1 44.3 

19li.fl.2550 18.00-21.00 'U . 64.5 40.2 61.4 

19li.fl.2550 21 .00-00.00 'U. 46.4 34.8 68.4 

20 li.fl. 2550 00.00-03.00 'U. 5!.7 33.3 49.1 

20 li.fl. 2550 03 .00-06.00 'U. 45.0 39.9 65.5 

20 li .fl . 2550 06.00-09.00 'U . 45 .3 42.9 61.1 

20 li . fl. 2550 09.00-12.00 'U . 49.9 43.2 56.7 

20 Ti .fl . 2550 12.00-15.00 'U. 32.3 35.5 63.6 

20 li .fl . 2550 15.00-18.00 'U. 25.0 38.3 55.7 

20 li. fl . 2550 18.00-21.00 'U . 38.3 33 .9 57.7 
, ... 

fl1lU"tJ ± SD 42.S±II.O 41.3±6.0 46.6 ±14.1 

" . 
'IllJ11fllJ 'VLff. 2550 1J~nWTIlJflffmn iil!.f)U'l11~ imy ~~'I11~ff~'\J~1 

~ ~ ) , 
fl11lJl'IIlJ'II'U'IItN TSP "":; PM ,O (J,lg/m ~f)m1lJ\l-3 I IlJ~1 . . . . . . 

v .. 
l~n run "'IHiH-"~mlH "~mm-"~\J~ "~DH-"~\J~ 

TSP PM" TSP PM •• TSP PM •• 

17-1S1I.fl. 2550 21 .00-03.00 U. -0.34 0.54 0.34 -0.05 0.13 0.14 

IS 1I .fl . 2550 03.00-09.00 u. -0.39 0. 16 0.10 -0.16 -0.05 -0.06 

IS 1I.fl . 2550 09.00-15.00 U. -0.67 0.23 O.OS -0.11 -0.16 0.00 

IS 1I.fl. 2550 15.00-21.00 ~ . -0.20 0.33 0.25 -0.17 0.11 -0.02 

IS-1911.fl.2550 21 .00-03.00 U. 0.11 0.24 -0.02 -0.23 0.02 -O.OS 

1911.fl.2550 03.00-09.00 u. -0.6S -0.36 0.09 -0.12 -0.15 -0.20 

1911.fl.2550 09.00-15.00 U. -0.20 -0.41 0.33 0.16 0.17 -0.02 

19 1I.fl . 2550 15.00-21.00 U. 0.01 -0.62 0.11 0.19 O.OS -0.07 

\9-20 1I.fl. 2550 21 .00-03.00 ~ . -0.36 -0.50 0.29 0.3S 0.09 0.10 

20 1I .fl . 2550 03.00-09.00 U. -0.27 -0. 12 0.15 0.34 0.02 0.19 

20 1I .fl. 2550 09.00-15.00 U. -0.20 -0.06 0.23 0.32 0.09 0.20 

20 1I.fl . 2550 15.00-21.00U. -0.07 0. 15 0.36 0.32 0.23 0.26 . .. 
fllliUUJ ± SO -o.27±O.24 -0.03±O.37 0.19±O.13 0.07±O.23 0.05±O.12 0.04±O.14 
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• I )I , 

Vll'n3n '\1-4 ffflffltJ'UtJ-:J PM,IfSP ':i~'I11NltJ1117-20 lltJl1fllJ VU1. 2550 'U~ldW~tJl1fffl'loJl 

iil11Hl'I11f1 1my ~-:J'I1lflff-:J'Unl 

. 
V 4 
"',)'\.jYl 

17-18li.f1 . 2550 21 .00-03.00 '\.j . 0.66 1.31 0.75 

18li.f1 . 2550 03 .00-09.00 '\.j . 0.91 1.36 0.89 

18li.f1.2550 09.00-15.00 '\.j. 0.65 1.36 0.93 

18li.f1. 2550 15.00-21.00 '\.j . 1.16 1.76 0.86 

18-19li.f1. 2550 21.00-03.00 '\.j. 1.13 1.22 0.85 

19li.f1.2550 03 .00-09.00 '\.j . 0.92 1.16 0.79 

19li.f1. 2550 09.00-15.00 '\.j . 1.20 1.07 0.85 

19 li . fl . 2550 15.00-21.00 '\.j. 1.23 0.84 0.95 

19-20 li .ft 2550 21 .00-03 .00 '\.j. 1.07 0.97 1.09 

20 li .f1 . 2550 03 .00-09.00 '\.j . 1.04 1.17 1.40 

20 li .f1 . 2550 09.oo-15.00'\.j. 0.90 1.00 1.11 

20 li .f1 . 2550 0.79 0.95 0.92 

0.97±0.20 1.18±D.25 0.95 ±D. 18 

~"" ' CV d Q.lI1' ~ ~d 
Vll'nnl '\1-5 fll11JI'UlJ'UtJ'UtJ-:J TSP (llglm3) ':i~'I11NltJ'Yl 18-21 f11Jfll'YitJ1i VU1. 2551 'U':ildW'YltJ'Yl 

fffl'loJll'UlI':i l'lfl'Yll m -:J1'Yl'Yl1J'I1ltJfl ':i . 
" " ") fI1UJl",.."WIJtl.:J TSP (J.1g/m . .. .. .. 

v 4 v , V V 

"',)'\.jYl nal 'W'\.jal.:J 'W'\.jnal.:J 'W'\.jlJ'\.j 

18-19 n.'YI. 2551 21 .00-03 .00 'U. 131.1 141.6 120.6 

19 n.'rl. 2551 03.00-09.00 'U. 134.7 123.0 115.7 

19 n.fl . 2551 09.00-15.00 'U. 142.9 116.7 119.7 

19 n .'n . 2551 15.oo-2I.oo'U. 143.2 124.7 111.4 

19-20 n .fl . 2551 21 .00-03 .00 '\.j. 148.1 141.2 102.6 

20 n .fl . 2551 03.00-09.00 '\.j. 113 .0 101.4 92.3 

20 n.fl. 2551 09.00-15.00 '\.j . 106.4 94.6 96.7 

20 n.fl . 2551 15.00-21.00 'U. 158.1 145.4 126.5 

20-21 n.fl.2551 21.00-03.00 'U. 172.7 153.4 121 .8 

21 n .fl .2551 03.00-09.00 'U . 11 3.7 100.0 94.5 

21 n.fl.2551 09.00- 15.00 'U. 135.9 126.8 114.1 

21 n .fl.2551 15.00-21.00 'U. 180.2 160.8 127.7 . , 4 

flll~af.l ± SD 140.0±22.9 1 27.5±2 1.6 112.0 ±12.S 
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,.. ,.. -) 
fI11111'1l1l'll'\.4'Utl.:l PM IO (~glm . .. .. .. ..... .., , .., ... 

1'\.4Y1 na1 "''\.4a1.:1 "''\.40a1.:1 "''\.4\1'\.4 

18 O.Y4 . 2551 21 .00-00.00 lJ . 150.5 117.4 175.7 

19 O.Y4. 2551 00.00-03.00 lJ . 143 .2 136.9 131.0 

19 O.Y4. 2551 03.00-06.00 lJ . 120.3 113.8 107.6 

19 O.Y4. 2551 06.00-09.00 lJ. 117. 1 106.9 98.3 

19 O.Y4 . 2551 09.00-12.00 lJ. 95.3 107.4 113.6 

19 O.Y4. 2551 12.00-15.00 lJ. 94. 1 113.0 115.3 

19 O.Y4. 2551 15.00-18.00 lJ. 109.0 110.9 102.9 

19 O.Y4 . 2551 18.00-21.00 lJ. 122.8 128.8 117.5 

19 O.Y4. 2551 21 .00-00.00 lJ. 153 . 1 156.6 124.8 

20 O.Y4. 2551 00.00-03.00 lJ . 119.0 113.4 100.0 

20 O.Y4. 2551 03 .00-06.00 lJ. 97.9 98.3 84.7 

20 O.Y4. 2551 06.00-09.00 lJ . 88.4 89.4 100.3 . .. . q"" 3 IQ,ld Q,lrI Q.t:!Id 

Vll'll.:J'YI 'U-6 fl11lJl'tllJ'tI'U'tIV.:.J PM 10 (~g/m) ':i:;l111.:.J1'U'YI 18-21 fJlJ.f)l'Vl'Uli 'Vl .ff. 2551 U':il1W'Vl'U'Yl 

fffl'lJll'tlll':il'lH'Yll f)Hl'Yl'VllJl11'Um (~V) . 
,.. ,.. -) 

fI11111'U1I'Il'\.4'1ltl.:l PM 10 (~g/m . .. .. .. , ... .. ... 
oV'\.40a1.:1 

... 
1'\.4Y1 na1 'II '\.4 a 1.:1 'V'\.4\1'\.4 

20 O.Y4. 2551 09.00-12.00 lJ . 109.8 78.1 111 .8 

20 O.Y4. 2551 12.00-15.00 lJ. 93 .9 93.4 97.0 

20 O.Y4 . 2551 15.00-18.00 lJ . 125.3 120.4 106.4 

20 O.Y4. 2551 18.00-21.00 lJ . 139.6 128.7 116.3 

20 O.Y4. 2551 21 .00-00.00 lJ . 142.7 132.7 123.0 

21 o .Y4.2551 00.00-03.00 lJ. 164.6 144.2 110.2 

21 O.Y4 . 2551 03.00-06.00 lJ. 98.2 90.8 81.0 

21 O.Y4.2551 06.00-09.00 lJ . 103.3 101.1 113.5 

21 O.Y4.2551 09.00-12.00 lJ . 117.5 100.0 117.7 

21 O.Y4.2551 12.00-15.00 lJ. 125.9 103.5 115.9 

21 O.Y4.2551 15.00-18.00 lJ . 106.0 104.0 121.5 

21 o.Y4.2551 18.00-21.00 lJ . 110.2 122.9 110.2 . , co 
flll~au ± SD 118.7±21.1 1l3.0±18.6 111.9±17.3 
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Q,f tI ~ ~ d.dl d 

fUJfll'YrUli 'Vi.ff. 2551 1J 'H,)W'Vi'U'Ylfffllnl'U~'jl G1H'Yl,) flHl'Yl'VilJ'111'UfI':i . . 
tI V ) , 

fl1UIl"ll)J"lIll"ll8.:J TSP Uil::: PM 10 (~g1m· ~8fl11)J\1.:J 1 1)J~".i 

.... .. .. , .. .. .. .. .. .... .... .... .... .... , .... 
1llY! mn 'IIllill.:J-'IIllflilH 'IIllflilH-'IIll'Ull 'IIllilH-'IIll'Ull 

TSP PM 10 TSP PM ,O TSP PM ,O 

17-1811.fI.2550 21.00-03.00 ll . 0.09 -0.16 -0.12 -0.03 -0.04 -0.08 

18 1I.fI . 2550 03.00-09.00 ll . -0.10 -0.07 -0.04 -0.04 -0.07 -0.05 

1811.fI.2550 09.00-15.00 ll. -0.22 0.13 0.02 0.02 -0.08 0.07 

18 1I.fI. 2550 15.00-21.00 ll . -0.15 0.03 -0.08 -0.06 -0. 11 -0.02 

18-19 1I.fI. 2550 21.<>0-03.00 ll . -0.06 -0.01 -0.23 -0.13 -0.16 -0.08 

19 1I .fI. 2550 03.00-09.00 ll . -0.10 0.01 -0.05 -0.01 -0.07 0.00 

1911.fI.2550 09.00-15.00 ll . -0.10 -0.13 0.01 0. 11 -0.03 0.01 

19 1I.fI. 2550 15.00-21.00 ll . -0. 11 -0.07 -0. 11 -0.08 -0. 11 -0.07 

19-20 1 .fI . 2550 21.00-03.00 ll . -0. 16 -0. 13 -0.19 -0.13 -0.18 -0.13 

20 1I.fI . 2550 03.00-09.00 ll . -0. 11 -0.04 -0.03 0.01 -0.07 -0.01 

20 lI .fI . 2550 09.00-15.00 ll. -0.08 -0. 17 -0.07 0.09 -0.08 -0.02 

20 1I .fI . 2550 15.00-21 .00 ll . -0. 16 0.04 -0.19 0.01 -0. 18 0.03 . .. 
HUDOtl ± SD O.10±il.07 O.O5±O.O9 O.O9±O.O8 O.O2±O.O8 O.IO±O.OS O.03±O.OS 

.J Q,f' I Q..I d Q,I rI ~ ~ d~ 
VlT'n-:.I'n '\1-8 ff~ff')'U'UtI.:j PM IO / TSP 'j~'11,)1.:j')'U 'Yl 18-21 Y:)lJfl1'Vi'U li 'Vi .ff. 2551 1J'j nW'Vi'U'Ylffmn 

l'U<;l'jl'lH'Yll flHl'Yl'VilJm'Uf\'j 

. ., .. 
1llY! 

18-19 fl:n. 2551 

19 fl.'rt . 2551 

19 fl.'rt . 2551 

19 fl .'rt. 2551 

19-20 fl .'rt. 2551 

20 fl .'rt. 2551 

20 fl .'rt. 2551 

20 fl.'rt . 2551 

20-21 fl.'rt . 2551 

21 fl.'rt . 2551 

2\ fl .'rt.255\ 

21 fl.'rt.255\ 

• 

mn 

21.00-03.00 ll. 

03.00-09.00 'U . 

09.00-\5.00 'U. 

15.00-21.00'U. 

21.00-03.00 'U . 

03.00-09.00 'U. 

09.00-15.00 'U . 

15.00-21.00 'U . 

21.00-03.00 'U. 

03 .00-09.00 'U. 

09.00-\5.00 'U. 

\5.00-21.00 'U. 

, '" flltili;lU ± SD 

.. ., , 
'IIlli;lH 

1.12 0.90 1.27 

0.88 0.90 0.89 

0.66 0.94 0.96 

0.8\ 0.96 0.99 

0.92 0.96 1.10 

0.82 0.93 1.00 

0.96 0.91 1.08 

0.84 0.86 0.88 

0.89 0.90 0.96 

0.89 0.96 1.03 

0.90 0.80 1.02 

0.60 0.75 0.9\ 

0.86±O_13 0.89±O.07 1.00 ±O.IO 



III 

g)l1H~ '\1-9 fl11lJloU'lJoU'U'\JfJ.:I TSP (/lg/m
3

) 'j:!:, .. dl.:l1U~ 25-28 fJlJ.f1l~U; 'VU1. 2551 U~ldW 
., . 

Yfu-¥ii1mn thlfiflllifJ.:I ~.:I111~l;V.:l hnj 
SI SI 1 fn1)Jl'll)J'IlU'IltFl TSP (J.1g/m . .. .. .. 

OJ .. OJ , .... .., 
1Ull 11"1 'Vua1.:! 'VUfH1H 'VU'UU 

25-26 fl .Vi. 2551 21.00-03.00 'W. 136.8 128.1 96.3 

26 fl.'Yt. 2551 03.00-09.00 'W . 96.8 85.7 81.9 

26 fl.'Yt. 2551 09.oo-15.oo'W. 112.5 111.8 104.5 

26 fl.'Yt. 2551 15.00-2I.oo'W. 97 .0 101 .5 70.0 

26-27 fl.'Yt.2551 21.00-03.00 'W. 103.5 108.3 84.4 

27 fl. 'Yt. 2551 03.00-09.00 'W. 100.1 108.3 90.3 

27 fl.'Yt. 2551 09.00-15.00 'W . 136.2 152.3 133.8 

27 fl .'Yt.2551 15.00-21.00 'W. --- -.-- -.--

27-28 fl.'Yt.2551 21.00-03.00 'W. 65.4 96.3 61.9 

28 fl .'Yt . 2551 03.00-09.00 'W . 99.3 98.2 79.8 

28 fl.'Yt. 2551 09.00-15.00 'W. 79.6 90.5 69.0 

28 fl.'Yt. 2551 15.00-21.00 'W. 85.5 115.1 82.9 . , .. 
fl11il"tI ± SO IOt.1±21.6 t 08.4±t 9.0 86.8±t9.8 

, . 
q "" 3 10;4 Q,ld' Q 

g)l1H'fl '\1-10 fl11lJl'\JlJ'\JU'\JfJ.:I PM IO (/lg/m) 'j:!:1111.:lTU'YI 25-28 fJlJf1l'ViUli 'Vi.ft". 2551 U'jldW 
., . 

Yfu-¥ii1mn ~llfiflllifJ.:I ~.:I111~l;V~ 1mj 
SI SI 1 fn1)Jl'll)J'IlU'Iltl.:! PM 10 (J.1g1m . .. .. .. , 

OJ .. .... OJ OJ 

"lUll 11"1 'VuaH 'Vun"l.:! 'VU'UU 

25 fl.'Yt. 2551 21.00-00.00 'W . 149.8 142.6 124.3 

26 fl.'Yt. 2551 00.00-03.00 'W . 123.7 115.7 140.3 

26 fl. 'Yt. 2551 03.00-06.00 'W. 95.5 66.1 89.7 

26 fl.'Yt. 2551 06.00-09.00 'W. 106.6 95.8 85.6 

26 fl.'Yt. 2551 09.oo-12.oo'W. 114.6 115.9 129.5 

26 fl.'Yt. 2551 12.00-15.00 'W. 55.7 77.8 84.3 

26 fl.'Yt. 2551 15.oo-18.oo'W. 62.3 64.8 68.7 

26 fl.'Yt . 2551 18.00-21 .00 'W. 117.8 90.2 82.6 

26 fl. 'Yt. 2551 21.00-00.00 'W. 118.9 123.1 93.2 

27 fl.'Yt . 2551 00.00-03.00 'W. 92.7 108.4 86.1 

27 fl. 'Yt. 2551 03.00-06.00 'W . 90.1 111.7 86.6 

27 fl .'Yt . 2551 06.00-09.00 'W . 111.4 112.3 109.1 
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Vll1H~ "HO f1111J,oU'1JoU''W''ij~ PMJO (!lglm
3

) 'j~'H ',i1~1'U~ 25-28 fl1Jm~'U£ 'Vi .fl . 2551 U~l1W 
" . 

Yl'Wl1fffnll ~h1fl{)1liij~ ~~111~';V~ i mj (,jij) 

tl11).1,'Ii').I'Ii''U''lI6-.1 PM 10 (~glm1 . .. .. .. . ..... .. ..... ..... ..... 
l'UYI mn lI'UtlH 'II'UOtl1-.1 lI'UlJ'U 

27 n.fl. 2551 09.00-12.00 'U. 148.0 160.9 154.4 

27 n.fl. 2551 12.00-15.00 'U . 114.0 160.5 124.3 

27 n. fl . 2551 15.00-18.00 'U. --- --- ---

27 n.fl. 2551 18.00-21.00 'U. 82.2 81.0 53.6 

27 n.fl. 2551 21.00-00.00 'U . 70.3 95.0 64.8 

28 n.fl . 2551 00.00-03.00 'U. 52.4 91.8 64.6 

28 n .fl. 2551 03.00-06.00 'U. 64.1 88.9 60.5 

28 n. fl. 2551 06.00-09.00 'U. 93.7 113.8 104.4 

28 n .fl. 2551 09.00-12.00 'U. 72.5 85.2 64.5 

28 n. fl. 2551 12.00-15.00 'U. 59.2 85.1 49.4 

28 n.fl. 2551 15.00-18.00 'U . 63.4 110.9 72.8 

28 n.fl. 2551 18.00-21.00 'U. 58.3 146.7 70.7 
, ... 

f11ltltltl ± SD 92.0±29.4 I 06.3±27.1 - 89.8±28.8 

" . 
f)1Jm~'W£ 'Vi.fl. 2551 U~l1wYl'Ul1ffm:l1 fll'fl{)1liij~ ~~'Hl~l;v~imj • 

v v 1 ' tl11).1'''lI).1''l1'U''lI6-.1 TSP IItl:: PM 10 (~glm fl6tl11).1q-.1 I ').1m . .. .. .. .. .. .. • • ..... .. ..... ..... ..... ..... ..... ..... 
l'UYI na1 .. 'Ua1-.1-'II'Uoa1-.1 'If'Uoa1-.1-1I'UlJ'U lI'UtlH-'V'UlJ'U 

TSP PM IO TSP PM IO TSP PM IO 

17-18 I .fl . 2550 21.00-03.00 u. -0.22 -0.19 -0.45 0.05 -0.37 -0.04 

18 I .fl . 2550 03.00-09.00 u. -0.28 -0.50 -0.05 0.10 -0.14 -0.12 

181.fl. 2550 09.00-15.00 U. -0.02 0.29 -0.11 0.14 -0.Q7 0.20 

18 I.fl. 2550 15.00-21.00U. 0. 11 -0.31 -0.45 -0.Q3 -0.25 -0.13 

18-19 I .fl . 2550 21.00-03.00 u. 0.12 0.25 -0.34 -0.37 -0.17 -0.15 

19 I .fl . 2550 03.00-09.00 U. 0.20 0.28 -0.26 -0.20 -0.09 -0.Q3 

19 I.fl. 2550 09.00-15.00 U. 0.40 0.74 -0.26 -0.31 -0.02 0.08 

19 I .fl. 2550 15.00-21.00U. --- -.- .. - .. - .. - --

19-20 l .fl . 2550 21.00-03.00 u. 0.69 0.80 -0.44 -0.41 -0.03 0.Q3 

20 J .fl . 2550 03.00-09.00 u. -0.03 0.56 -0.26 -0.27 -0.18 0.Q3 

20 J .fl . 2550 09.00-15.00 '\.I . 0.27 0.48 -0.3 1 -0.40 ·0.10 -0.08 

20 J.fl. 2550 15.00-21.00 U. 0.74 1.70 -0.46 -0.81 -0.02 0.10 

filUliio ± SD 0.18±O.33 0.37±0.6 1 -0.3I±O.14 -0.23±O.28 -0. 13±O.11 -o.0I±O.11 



, I " , q 411 IQ.lQ 41f1 .c:::t. 4.c1 

VlllH'YI '\1-12 ff~ff1'U'lJV~ PM./fSP ~::'I111~1'U'Y1 25-28 fJlJfl1Yl'Uli Yl.ff. 2551 'U~L1tuWU'Y1 

ffflEll ihl.flVlljV~ ~~'I11~1;fJ~ i '1111 

. ...... 
l'U'YI 

25-26 n :n . 2551 

26 n:n. 2551 

26 n:n. 2551 

26 n:n. 2551 

26-27 n:n. 2551 

27 n:n . 2551 

27 n .V! . 2551 

27 n .V! . 2551 

27-28 n .V! . 2551 

28 n .V! . 2551 

28 n .V! . 2551 

28 n .V! . 255 I 

nlll 

21 .00-03.00 'U. 

03 .00-09.00 'U. 

09.00-15.00 'U. 

15.00-21.00 'U. 

21.00-03.00 'U. 

03.00-09.00 'U. 

09.00-15.00 'U. 

15.00-21.00 'U. 

2 1.00-03.00 'U . 

03 .00-09.00 'U. 

09.00-15.00 'U . 

15.00-21.00'U. 
, ..; 

flllDlltl ± SD 

.. .... , 
'lI'UIlH 

1.00 

1.04 

0.76 

0.93 

1.02 

1.01 

0.96 

0.94 

0.79 

0.83 

0.71 

0.9J±0.t2 

1.01 1.37 

0.94 1.07 

0.87 1.02 

0.76 1.08 

1.07 1.06 

1.03 1.08 

1.06 1.04 

1.00 1.05 

1.03 1.03 

0.94 0.83 

1.12 0.87 

0.99±O.JO 1.05 ±O.J4 
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~ rI .f!1 " Q,I d Q,I d' 
fll'nnl fl-l fJ~fl1h::m)U'Yll~lftlJ i'U PM 10 (Ilg/m' ) 'j::'I111~1'U'Yl 18-21 fllJm'Vi'U1i 'Vi.fl'. 2551 

~ . ~ 

u~l1wfi'Unffm:l11'U1l'jl'IH'Yl1 f)H1'Yl'VilJ'I11'Uft'j (oimh~) • 
Mt1th::ml1.JYlHlflil 1u PM.o (J1g/m) 

... ... 
NH: K+ Cal+ so,'" 1UYI mn oc EC Na CI NO; Others 

180.)'/.2551 21 .00-00.00 u. 29.2 10.7 1.5 1.8 1.3 0.1 1.5 8.6 12.5 71.5 

190.)'/.2551 00.00-03.00 U. 30.2 10.1 1.5 1.5 1.4 0.2 1.6 11.3 ILl 62.4 

190.)'/ . 2551 03.00-06.00 u. 34.0 8.9 0.2 0.8 1.3 0. 1 0.7 4.3 6.9 49.5 

190.)'/.2551 06.()()-09.00 U. 27.1 9.7 0.4 1.1 1.9 0.1 0.7 2.5 5.6 57.2 

190.)'/.2551 09.00-12.00 u. 23.9 6.8 0.0 0.3 1.9 1.0 0.8 2.2 6.8 42.0 

190.)'/ . 2551 12.00-15.00 u. 27.9 5.9 0.8 0.8 1.2 0.7 0.8 3.0 6.5 35.2 

190.)'/. 2551 15.00-18.00 u. 29.2 7.1 0.5 0.7 0.9 0.8 0.8 2.5 5.7 49.1 

190.)'/.2551 18.00-21.00 u. 38.6 12.0 0.6 1.0 - 1.1 0.9 4.5 7.3 35.7 

190.)'/ . 2551 21.00-00.00 u. 41.2 13.9 0.5 0.9 2.5 1.2 0.9 6.3 7.6 61.8 

200.)'/.2551 00.00-03.00 U. 31.4 8.2 0.2 0.6 1.2 1.5 0.6 3.4 5.5 53.7 

200.)'/ . 2551 03.D0-06.00 u. 23.8 7.3 0.2 0.6 0.9 1.2 0.7 2.6 4.7 46.4 

200.)'/.2551 06.00-09.00 u. 19.5 7.3 0.2 0.1 0.8 0.9 0.6 1.5 4.1 45.6 

200.)'/.2551 09.00-12.00 u. 17.9 5.7 0.3 0.9 0.8 0.9 0.7 1.9 7.1 66.5 

200.)'/.2551 12.00-15.00 u. 23.4 4.8 0.7 1.2 1.1 1.0 0.8 2.5 8.4 40.7 

200.)'/.2551 15.00-18.00 u. 34.5 7.8 0.6 1.5 1.6 1.3 0.7 4.1 10.1 49.2 

200.)'/. 2551 18.00-21.00 u. 34.2 9.4 0.5 1.7 1.4 1.2 0.8 5.3 10.6 60.9 

200.)'/ . 2551 21.00-00.00 u. 38.5 12.0 0.4 1.9 2.7 1.5 1.0 7.1 10.9 51.3 

210.)'/.2551 00.00-03.00 u. 39.7 13.1 0.4 1.8 2.3 1.3 1.0 8.8 9.9 70.5 

21 0 .)'/.2551 03.00-06.00 u. 20.6 5.8 0.2 1.5 0.9 1.4 0.5 2.5 9.7 46.9 

21 0.)'/. 2551 06.00-09.00 u. 18.7 6.7 0.2 1.5 1.1 0.8 0.6 3.1 9.8 53.5 

210.)'/.2551 09.00-12.00 u. 24.8 8.9 0.1 1.2 0.9 1.1 0.6 4.1 8.0 57.9 

21 0.)'/.2551 12.00-15.00 U. 26.4 6.5 0.3 1.6 1.0 1.0 0.6 5.6 10.7 61.7 

21 0.)'/.2551 15.00-18.00 u. 29.0 6.6 0.5 2.0 1.5 1.3 0.7 6.1 13.0 33.9 

210.)'/.2551 18.00-21.00 U. 38.1 10.1 0.3 1.7 1.7 1.2 0.7 4.4 11.3 25.4 
, ... 

fllltliUI 29.2 8.6 0.5 1.2 1.4 1.0 0.8 4.5 8.5 51.2 

±SD 7.0 2.5 0.4 0.5 0.6 0.4 0.3 2.5 2.5 12.0 
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m'n3~ fl-2 O'lrlth::ml'lJ'YI1.:Jlflij 1lJ PM 10 ()lglm") ':i::'I111'lilJ~ 18-21 fJlJill-WlJ,} 'rut 2551 
" . " 

1J~nW~lJYiffmn 1'\l1l':il'lH'YI1 f1Hl'YI'rUJmlJfl':i (i'lJf1m'l) . 
tNthh::: Of)'UYll-3lf1ij 1u PM 10 ()lg/m ~ 

u .. , 
NH: K' Ca2+ SO." "lUYI n,n OC EC Na CI NO] Others 

18n:n. 2551 21.()()-00.00 1I. 22.7 9.2 0.8 1.3 1.3 0.7 1.8 9.3 12.1 49.1 

19 n .l'!. 2551 00.00-03.00 1I. 29.0 9.6 0.8 1.3 1.5 0.8 2.2 13.5 12.2 54.4 

19 n:n. 2551 03.00-06.00 1I. 31.9 7.3 0.5 1.3 1.6 0.7 0.6 4.4 7.6 45.1 

19 n .l'!. 2551 06.()()-09.00 1I. 25.7 8.0 0.2 1.1 1.2 0.6 0.6 2.9 7.1 49.3 

19 n .l'! . 2551 09.00-12.00 1I. 23.6 5.0 0.4 0.9 0.9 1.0 0.7 2.4 6.8 56.3 

19 n.l'!. 2551 12.00-15.00 1I. 26.4 5.5 0.7 1.0 1.1 1.0 0.7 3.0 7.6 55.4 

19 n:n. 2551 15.()()-18.00 1I. 27.1 5.1 0.6 1.1 1.0 1.0 0.6 2.3 7.6 53.7 

19n.l'!.2551 18.()()-21.00 1I. 33.1 7.5 0.5 1.1 1.1 0.9 0.8 4.6 7.1 58.9 
.. 

19n.l'!.2551 21.()()-00.00 1I. 34.4 9.3 0.4 1.1 2.3 0.9 0.8 5.4 8.0 80.2 

20 n.l'!. 2551 00.00-03.00 1I. 33.3 7.8 0.3 0.9 1.4 1.3 0.6 3.3 6.5 44.7 

20 n .l'!. 2551 03.00-06.00 1I. 26.5 7.3 0.3 0.9 1.7 0.6 2.5 6.7 34.4 

20 n.l'!. 2551 06.00-09.00 1I. 24.8 8.1 0.5 1.2 0.9 1.0 0.6 2.4 8.7 31.3 

20 n .l'!. 2551 09.00-12.00 1I. 24.0 7.6 0.3 1.1 0.7 0.9 0.5 2.2 8.0 23.3 

20n.l'! . 2551 12.()()-15.00 1I. 27.0 7.1 0.3 0.9 0.7 0.8 0.5 2.0 6.3 37.0 

20 n .l'!. 2551 1 5.()()-1 8.00 1I. 38.4 6.8 0. 5 1.6 1.4 0.7 0.5 4.1 10.9 40.1 

20 n .l'!. 2551 18.00-21.00 1I. 39.8 11.1 0.4 1.7 1.7 0.6 0.6 5.5 11.7 39.7 

20n.l'! . 2551 21.00-00.00 1I. 48.6 14.6 0.3 1.4 2.2 0.6 0.6 5.9 10.7 28.3 

21 n.l'! . 2551 00.00-03.00 1I. 47.8 13.7 0.4 1.8 2.5 0.6 0.7 8.6 11.7 37.3 

21 n.l'! . 2551 03.00-06.00 1I. 28.2 7.1 0.3 1.8 2.2 0.7 0.4 2.9 11.4 24.6 

21 n.l'! . 2551 06.00-09.00 1I. 31.2 11.2 0.2 1.7 1.2 1.4 0.4 3.3 11.3 26.7 

21 n.l'!.2551 09.()()-12.00 1I. 30.9 8.6 0.3 1.7 1.1 0.8 0.5 4.7 11.7 27.3 

21 n .l'!.2551 12.00-15.00 1I. 30.0 7.3 0.3 2.0 1.3 0.6 0.5 4.8 13.1 31.5 

21 n .l'!.2551 15.()()-18.00 1I. 33.6 8.1 0.3 1.7 1.3 1.4 0.5 5.1 13.3 25.3 

21 n.l'!.2551 18.00-21.00 1I. 50.3 13.5 0.3 2. 1 2.1 0.9 0.5 4.7 15.3 13.0 

, .. 
8.6 0.4 1.4 1.4 0.9 0.7 4.6 9.7 40.3 fllltl~tI 32.0 

±SD 7.9 2.6 0.2 0.4 0.5 0.2 0.4 2.7 2.6 15.1 



117 

J -' ... 1 .ct, 3' Q,I do Q.I " 

fll'nUI fI-3 f1~fllJ'I~f)fI'IJ'YI1~tfllJ 'W PM IO (Ilglm ) 'I~'I111~1'W'Yl 18-21 fJlJm .... 'W 1i ..... 11'. 2551 
.. . .. 

'IJ~nW~'W.yjffmn t'Uml'lf'Yll f)Ht'Yl .... lJ'I11'WfI'I (i''W'IJ'W) • 
Mthh::nt)uYl'~lfl;j''U PM.o (Ilg/ml 

... .. 
Na+ N"; K+ Cal< so." l'UYI nil' oc EC CI NO, Others 

18 fl:n. 2551 21.00-00.00 U. 37.6 8.2 1.6 3.1 1.6 0.6 1.9 13.5 12 .2 46.9 

19 fl ."I'I. 2551 00.00-03.00 U. 29.5 7.4 0.5 1.3 1.4 0.6 0.5 3.8 8.1 36.3 

19 fl ."I'I. 2551 03.()(}-()6.00 U. 34.1 6.7 0.2 1.0 0.9 0".8 0.5 2.6 6.6 33.1 

19 fl ."I'I. 2551 06.()().()9.00 U. 32.7 6.5 0.4 0.8 0.8 0.8 0.5 2.1 6.3 42.4 

19 fl ."I'I. 2551 09.00-12.00 U. 38.0 6.9 0.7 0.9 1.0 0.7 0.6 2.6 7.0 48.8 

19 fl."I'I . 2551 12.00-15.00 U. 33.1 5.7 0.7 1.1 1.1 0.9 0.5 2.6 8.4 38.5 

19 fl."I'I . 2551 15.00-18.00U. 31.0 8.0 0.6 1.1 1.5 0.8 0.5 3.9 7.8 33.0 

19 fl ."I'I . 2551 18.00-21.00U. 43.1 8.5 0.5 0.9 1.7 0.8 0.6 3.8 7.1 50.2 

19 fl."I'I. 2551 21.00-00.00 u . 36.0 6.3 0.4 0.8 1.2 1.1 0.5 2.6 6.1 44.0 

20 fl ."I'I . 2551 00.00-03.00 U. 26.5 5.7 0.4 0.9 0.8 0.7 0.6 2.2 6.4 37.6 

20 fl ."I'I. 2551 03.()(}-()6.00 U. 21.1 5.2 0.3 1.0 1.0 0.7 0.5 2.4 8.8 46.7 

20 fl ."I'I. 2551 06.00-09.00 U. 24.1 7.3 0.3 1.0 0.7 0.6 0.5 1.9 8.4 51.1 

20 fl."I'I . 2551 09.00-12.00 u. 28.5 7.1 0.4 1.0 0.9 0.8 0.5 2.0 7.8 38.2 

20 fl." . 2551 12.00-15.00 U. 27.4 7.0 0.4 1.8 1.3 0.7 0.5 3.8 10.6 27.1 

20 n."I'I . 2551 15.00-18.00 u . 37.9 6.9 0.5 2.6 . 2.1 0.9 0.8 5.5 12.6 32.5 

20 fl."I'I. 2551 18.00-21.00 U. 37.0 9.8 0.3 2.1 1.4 1.0 0.6 4.2 10.2 37.2 

20 fl .". 2551 21.00-00.00 U. 40.2 7.7 0.4 2.4 1.7 0.9 0.6 4.6 10.5 35.3 

21 fl ."I'I . 2551 00.00-03.00 u . 32.9 5.1 0.3 2.2 0.9 0.7 0.5 2.1 9.6 31.0 

21 fl."I'I . 2551 03.00-06.00 U. 20.3 6.2 0.2 2.0 1.0 0.5 0.5 2.5 9.4 58.7 

21 fl ."I'I.2551 06.00-09.00 U. 23.2 11.2 0.3 2.6 1.2 0.5 0.5 5.8 12.6 29.2 

21 fl."I'I.2551 09.00-12.00 U. 38.3 6.3 0.2 1.9 1.0 1.1 0.5 5.5 10.1 50.7 

21 fl."I'I.2551 12.00-15.00 U. 27.7 7.4 0.4 2.5 1.5 1.0 0.6 5.5 13.4 41.5 

21 fl ."I'I.2551 15.00-18.00 U. 34.1 5.8 0.3 2.7 1.6 1.3 0.5 4.2 13.3 38.8 

21 fl .". 2551 18.00-21.00 u . 29.8 8.2 1.6 3.1 1.6 0.6 1.9 13.5 12.2 46.9 . . .. 
tllltlilU 31.8 7.3 0.5 1.7 1.2 0.8 0.6 4.2 9.3 42.1 

±SD 6.2 1.6 0.4 0.8 0.4 0.2 0.4 2.8 2.3 11.7 
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· q" -'_I .cI i ' Q.I d QI tI 
m'anl tl-4 'H)tJ~~'lJfl 'H)~tlu'J~m)lj'Yl1~ltll.l 'W PM IO (%) 'J~'\111n'W'Vl 18-21 fJl.lfl1Yl'Wli 

" . " c. .oI!I d~ do Q.I , 

Yl .ff. 2551 lj'Jl1WYl'W'Vlfffnn l'U~'Jl'lH'Vl1 fl~~l'VlYll.l'l11'WfI'j ('l5'Wm~) 

.., .. 
l'UYI niH OC CI NO) SO.'" Others EC 

18n.'I'1.2551 21.00-00.00'U. 19.4 7.1 1.0 1.2 0.8 0.1 1.0 5.7 8.3 47.5 

19 n.l'I. 2551 00.00-03.00 'U. 21.1 7.0 1.1 1.0 1.0 0.1 1.1 7.9 7.7 43.5 

19 n.l'I. 2551 03.00-06.00 'U. 28.2 7.4 0.2 0.7 1.1 0.1 0.6 3.6 5.8 41.1 

19 n.l'I . 2551 06.00-09.00 'U. 23.2 8.3 0.4 0.9 1.6 0.1 0.6 2.1 4.8 48.8 

19 n.l'I. 2551 09.00-12.00 'U. 25.1 7.1 0.0 0.3 1.9 1.1 0.8 2.3 7.2 44.1 

19 n.l'I. 2551 12.00-15.00 'U. 29.7 6.3 0.9 0.9 1.3 0.7 0.9 3.2 6.9 37.4 

19n.l'I.2551 15.00-18.00'U. 26.8 6.5 0.5 0.6 0.8 0.7 0.7 2.3 5.2 45.1 

19 n.l'I . 2551 18.00-21.00 'U. 31.4 9.8 0.5 0.9 - 0.9 0.7 3.7 6.0 33.6 

19 n.l'I . 2551 21.00-00.00 u . 26.9 9.1 0.3 0.6 1.6 0.8 0.6 4.1 5.0 40.3 

20 n:l'I. 2551 00.00-03.00 'U. 26.4 6.9 0.2 . 0.5 1.0 1.3 0.5 2.8 4.6 45.1 

20 n.l'I. 2551 03.00-06.00 'U. 24.3 7.5 0.2 0.6 0.9 1.2 0.8 2.7 4.8 47.4 

20 n.l'I . 2551 06.00-09.00 'U. 22.1 8.3 0.3 0.1 0.9 1.0 0.7 1.7 4.6 51.5 

20 n.'I'I. 2551 09.00-12.00 'U. 16.3 5.2 0.3 0.8 0.7 0.8 0.6 1.7 6.4 60.6 

20 n.l'I. 2551 12.00-15.00 'U. 24.9 5.1 0.7 1.3 1.1 1.1 0.9 2.6 9.0 43.3 

20 n.l'I. 2551 15.00-18.00 'U. 27.6 6.2 0.5 1.2 1.3 1.0 0.6 3.3 8.1 39.2 

20 n.l'I. 2551 18.00-21.00 'U. 24.5 6.7 0.3 1.2 1.0 0.8 0.6 3.8 7.6 43.6 

20 n.l'I . 2551 21.00-00.00 'U. 27.0 8.4 0.3 1.3 1.9 1.1 0.7 5.0 7.6 36.0 

21 n.l'I . 2551 00.00-03.00 'U. 24.1 8.0 0.2 1.1 1.4 0.8 0.6 5.4 6.0 42.8 

21 n.l'I. 2551 03.00-06.00 'U. 20.9 5.9 0.2 1.5 0.9 1.4 0.5 ' 2.5 9.9 47.8 

21 n.l'I . 2551 06.00-09.00 'U. 18.1 6.5 0.2 1.4 1.1 0.8 0.5 3.0 9.4 51.8 

21 n.'I'I.2551 09.00-12.00 'U. 21.1 7.6 0.1 1.0 0.7 0.9 0.5 3.5 6.8 49.2 

21 n.l'I.2551 12.00-15.00'U. 21.0 5.1 0.2 1.3 0.8 0.8 0.5 4.4 8.5 49.0 

21 n.l'I.2551 15.00-18.00 'U. 27.3 6.3 0.4 1.8 1.4 1.2 0.6 5.7 12.3 31.9 

21 n.l'I . 2551 18.00-21.00 'U. 34.6 9.2 0.3 1.6 1.5 1.1 0.6 4.0 10.2 23.1 

, .. 
flll~ilD 24.7 7.1 0.4 1.0 1.2 0.8 0.7 3.6 7.2 43.S 

±SD 4.3 1.3 0.3 0.4 0.4 0.4 0.2 1.5 2.0 7.7 
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v ~~ 4, 
'.i8Ua::1ItFU)'1fl '.i::08'UYll'1lfl1J 'U PM ,O (%) 

u .. 
1'UYI l1al OC EC Na+ NH: K+ Ca" CI NO) SO:' Others 

180.'1'1.2551 21 .00-00.00 'U . 19.3 7.8 0.6 LI LI 0.6 1.6 7.9 10.3 41.8 

190.'1'1 . 2551 00.00-03.00 'U. 21.2 7.0 0.6 1.0 LI 0.6 1.6 9.8 8.9 39.7 

190.'1'1.2551 03 .OO-()6. 00 'U . 28.0 6.4 OA 1.2 1.4 0.6 0.6 3.8 6.7 39.6 

190.'1'1. 2551 06.00-09.00 'U . 24.0 7A 0.2 1.0 LI 0.5 0.6 2.7 6.6 46.1 

190.'1'1. 2551 09.00-12.00 'U. 22.0 4.6 0.4 0.8 0.8 1.0 0.6 2.2 6.3 52.5 

190.'1'1.2551 12.00-15.00 'U. 23.4 4.9 0.6 0.9 1.0 0.9 0.6 2.6 6.8 49.0 

190.'1'1.2551 15.00-18.00 'U . 24.4 4.6 0.5 1.0 0.9 0.9 0.5 2.1 6.9 48.5 

190.'1'1.2551 18.00-21.00 'U . 25.7 5.8 0.4 0.8 0.9 0.7 0.6 3.5 5.5 45.8 

190.'1'1.2551 21 .00-00.00 'U. 22.0 6.0 0.2 0.7 L5 0.6 0.5 3.5 5.1 51.2 

200.'1'1. 2551 00.00-03.00 'U . 29.4 6.9 0.3 0.8 1.2 L2 0.5 2.9 5.8 39.4 

200.'1'1. 2551 03.00-06.00 'U . 27.0 7.5 0.3 0.9 1.7 - 0.6 2.6 6.8 41.9 

200.'1'1.2551 06.00-09.00 'U . 27.7 9.1 0.6 1.3 1.0 1.1 0.7 2.7 9.7 35.0 

200.'1'1 . 2551 09.00-12.00 'U . 30.7 9.7 0.4 1.3 0.9 LI 0.6 2.8 10.2 29.9 

200.'1'1.2551 12.00-15.00 'U . 28.9 7.6 0.3 1.0 0.7 0.9 0.5 2.2 6.8 39.6 

200.'1'1.2551 15.00-18.00 'U. 31.9 5.7 OA 1.3 1.2 0.6 0.4 3.4 9.0 33.3 

200.'1'1. 2551 18.00-21.00 'U . 30.9 8.6 0.3 L3 1.3 0.5 0.5 4.3 9.1 30.9 

200.'1'1.2551 21 .00-00.00 'U . 36.6 11.0 0.2 LI 1.7 0.4 0.5 4.4 8.1 21.3 

210.'1'1 . 2551 00.00-03.00 'U . 33.1 9.5 0.3 1.3 1.8 0.4 0.5 6.0 8.1 25.8 

210.'1'1. 2551 03.00-06.00 'U . 31.0 7.8 0.3 1.9 2.4 0.8 0.5 3.2 12.5 27.1 

210.'1'1.2551 06.00-09.00 'U. 30.8 ILl 0.2 1.7 1.1 1.4 0.4 3.3 II.I 26.4 

210.'1'1.2551 09.00- 12.00 'U. 30.9 8.6 0.3 1.7 LI 0.8 0.5 4.7 11.7 27.3 

210.'1'1 . 2551 12.00- 15.00 'U . 29.0 7.0 0.3 2.0 1.3 0.6 0.5 4.7 12.7 30.4 

21 0.'1'1 . 2551 15.00-18.00 'U. 32.3 7.7 0.3 1.7 1.2 1.4 0.4 4.9 12.8 24.4 

21 0 .'1'1 . 2551 18.00-21 .00 'U. 41.0 11.0 0.3 1.7 1.7 0.8 0.4 3.8 12A 10.6 

I .. 
fllltliUJ 28.4 7.6 0.4 1.2 1.3 0_8 0.6 3.9 8.8 35.7 

±SD 5.1 1.9 0.1 0.4 0.4 0.3 0.3 1.8 2.5 10.6 
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J" "t! "'1 I IV d. Q.I " ~l"n-l'YI 1'1-6 'HHJr1~'Ufl~fl~fl '.i~nfl'U'Yll~lf111 'W PM IO (%) '.i~111Nl'W'Yl 18-21 flllfll'Y'l'Wli 
~ . ~ 

Q ..:!I.o=I& d GI 

'Y'I.ff. 2551 'U'.ildW'Y'I'W'YlffnEl11'U1l'.i1'IH'Yl1 n~~1'Yl'Y'llll11'Wm ('lI'W'U'W) 

1tltl":;1Itl.:Jtl,uhh:;otl'UYlHlflii lou PM.o (%) 

u 4 
Na+ NH: K+ Ca'+ SO:' lOUYl 11'" OC EC CI NO; Others 

180:1'1. 2551 21 .00-00.00 u. 21.4 6.4 0.9 1.1 0.7 0 .3 1.1 6.2 6.3 47.0 

19 0 .'I't. 2551 00.00-03.00 u. 22.5 6.3 1.2 2.4 1.2 0.5 1.4 10.3 9.3 35.8 

190.'I't . 2551 03.00-06.00 u. 31.6 6.9 0.5 1.2 1.3 0.6 0 .4 3.6 7.5 33.7 

190.'I't.2551 06.00-09.00 u. 33.3 6.9 0.2 1.0 0.9 0.8 0.5 2 .6 6.7 33.7 

190:1'1.2551 09.00-12.00 u. 33.4 5.7 0.4 0.7 0.7 0.7 0.4 1.8 5.5 37.3 

19 0.'I't. 2551 12.00-15.00 U. 28.7 5.9 0.6 0.7 0.8 0.6 0.5 2.2 6.0 42.3 

19 0.'I't . 2551 15.00-18.00 U. 30.2 5.6 0.7 1.1 1.1 0 .8 0 .5 2.5 8.1 37.4 

190.'I't.2551 18.00-21.00 U. 36.7 6.8 0 .5 0.9 1.2 0.7 0.5 3.3 6.6 28.0 

19 O.l'!. 2551 21 .00-00.00 u. 28.9 6.8 0.4 0 .7 1.4 0.7 0.5 3.1 5.7 40.3 

20 0 .'I't. 2551 00.00-03.00 u. 26.5 6.3 0.4 0.8 1.2 1.1 0.5 2.6 6. 1 44.0 

20 0 .'I't . 2551 03.00-06.00 u. 24.9 6.8 0.5 1.1 1.0 0 .8 0.7 2.6 7.5 44.3 

20 0 .'I't. 2551 06.00-09.00 U. 24.0 5.2 0.3 1.0 1.0 0.7 0.5 2.4 8.7 46.6 

20 0 .'I't . 2551 09.00-12.00 U. 25.5 6.5 0.3 0.9 0.6 0.6 0.4 1.7 7.5 45.7 

20 0.'I't. 2551 12.00-15.00 u. 28.3 7.3 0.4 1.0 0.9 0.8 0.5 2.1 8.0 39.4 

20 0.'I't. 2551 15.00-18.00 u. 35 .7 6.6 0.4 1.7 1.3 0.7 0.5 3.6 9.9 25.4 

20 0.'I't. 2551 18.00-21.00 u. 31.8 5.9 0.4 2.2 1.8 0.8 0.7 4.7 10.9 28.0 

20 0.'I't . 2551 21 .00-00.00 U. 32.7 8.0 0 .2 1.7 1.2 0.8 0.5 3.4 8.3 30.2 

21 0 .'I't . 2551 00.00-03.00 u. 29.8 7.0 0.4 2.2 1.5 0.8 0.6 4.2 9.6 32.0 

21 0.'I't.2551 03.00-06.00 U. 25. 1 6.3 0.3 2 .8 1.1 0.9 0.7 2.6 11.9 38.3 

21 0.'I't.2551 06.00-09.00 U. 20.4 5.4 0.2 1.8 0.9 0.4 0.4 22 8.3 51.8 

210.'I't . 2551 09.00-12.00 u. 32.6 9.5 0.2 2.2 1.0 0.4 0.4 4.9 10.7 24.9 

21 0 .'I't . 2551 12.00-15.00 u. 23.9 5.5 0 .1 1.6 0.8 1.0 0.4 4.7 8.7 43.7 

21 0.'I't.2551 15.00-18.00 U. 28. 1 6. 1 0.3 2.1 1.2 0.8 0.5 4.6 11.0 34.1 

210.'I't.2551 18.00-21.00 U. 27.0 5.3 0.2 2.5 1.5 1.2 0 .5 3.8 12.0 35.2 . . .. 
tlll~iUl 28_5 6.5 0.4 1.5 1.1 0.7 0.6 3.6 8.4 37.5 

±SD 4.5 1.0 0.2 0.7 0.3 0.2 0.2 \.8 2.0 7.3 
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~ " " o'tl 0' 1 m1H'YI fl-7 fl11lJl'\llJ'\llJ'\lfl ·H).:)fj 'j~f1f1lJfI1'jlJfllJ 14 PM
IO 

(llg/m3) 'j~'\,dN114Vi 18-21 

Q.I tI Q l d~ d ~ , 

fllJ.fI1Vi141i Vi.FI. 2551 lJ'jL1WVi14'YlFlmlll'\lml'IH'Yl1 f11':)L'YlVilJ11114fj'j ('!f14m.:)) 

v v '~ " ~ tl11)Jl'\J)J'\J'I.,I'\J8.:JlNtl 'l:::08'Utll'l'U8'1.,1 '1.,1 PM ,O (~glm . ., .. 
'l'lnl rlin TC OC EC OCI OC2 OC3 OC4 ECI EC2 EC3 

18 0 .'1'1. 2551 21.00-00.00 'U . 40.0 29.2 10.7 1.4 8.2 13.1 6.3 10.4 0.5 0.0 

190.'1'1. 2551 00.00-03.00 'U . 40.2 30.2 10.1 1.4 8.4 12.7 7. 1 10.0 0.6 0.0 

190.'1'1.2551 03.00-06.00 'U. 42.8 34.0 8.9 3.1 6.4 13.4 7.9 10.9 1.0 0.2 

190.'1'1.2551 06.00-09.00 'U. 36.8 27.1 9.7 1.2 7.1 10.9 5.8 9.9 1.8 0.2 

190.'1'1.2551 09.00-12.00 'U . 30.7 23 .9 6.8 0.8 6.1 9.6 5.3 7.4 1.3 0.2 

190.'1'1.2551 12.00-15 .00 'U . 33.8 27.9 5.9 1.0 7.1 11.8 6.6 6.3 0.9 0.1 

190.'1'1.2551 15.00-18.00 'U. 36.3 29.2 7.1 1.3 7.0 12.3 6.2 7.9 1.2 0.4 

190.'1'1. 2551 18.00-21.00 'U . 50.5 38.6 12.0 3.4 8.1 16.2 8.8 12.8 1.0 0.3 

190.'1'1.2551 21 .00-00.00 'U . 55.1 41.2 13.9 1.2 12.2 17.2 10.5 12.3 1.4 0.2 

200.'1'1 . 2551 00.00-03.00 'U. 39.7 31.4 8.2 1.5 8.0 12.7 6.8 9.6 1.1 0.0 

20 0.'1'1. 2551 03.00-06.00 'U. 31.1 23.8 7.3 1.1 5.4 9.8 5.1 7.8 1.5 0.6 

200.'1'1.2551 06.00-09.00 'U. 26.8 19.5 7.3 1.6 4.2 7.9 4.5 6.9 1.5 0.2 

20 0.'1'1. 2551 09.00-12.00 'U. 23 .6 17.9 5.7 1.1 4.5 7.1 4.2 5.2 1.4 0.1 

200.'1'1 . 2551 12.00-15.00 'U. 28.2 23.4 4.8 1.0 5.3 9.6 5.6 5.9 0.8 0.1 

200.'1'1. 2551 15.00-18.00 'U . 42.3 34.5 7.8 3.3 5.9 13.8 8.4 9.2 1.2 0.5 

200.'1'1. 2551 18.00-21.00 'U . 43 .6 34.2 9.4 3.5 6.6 12.9 8.0 11.0 1.2 0.4 

20 0.'1'1. 2551 21 .00-00.00 'U. 50.5 38.5 12.0 4.3 7.5 14.4 8.2 14.6 1.2 0.3 

21 0.'1'1 . 2551 00.00-03 .00 'U . 52.8 39.7 13.1 4.0 7.6 15.2 9.0 15.4 J.2 0.5 

21 0.'1'1. 2551 03 .00-06.00 'U. 26.4 20.6 5.8 1.1 4.9 7.7 4.6 6.6 1.1 0.3 

21 0.'1'1 . 2551 06.00-09.00 'U. 25 .3 18.7 6.7 1.0 4.5 7.3 4.2 7.2 1.1 0.0 

21 0.'1'1 . 2551 09.00-12.00 'U. 33.7 24 .8 8.9 1.2 6.0 9.6 6.1 9.0 1.4 0.4 

21 0 .'1'1.2551 12.00-15.00 'U. 32.9 26.4 6.5 2.9 5.0 9.8 6.4 7.6 1.0 0.2 

21 0 .'1'1. 2551 15.00-18.00 'U. 35.6 29.0 6.6 1.3 6.6 11.7 6.9 7.6 1.1 0.4 

21 0.'1'1 . 2551 18.00-21.00 'U. 48.2 38.1 10.1 4.1 7.6 13.8 8.8 12.2 1.2 0.4 
, .. 

flll~,UJ 37.8 29.2 8.6 2.0 6.7 11.7 6.7 9.3 1.1 0.3 

±SD 9.1 7.0 2.5 1.2 1.7 2.8 1.7 2.7 0.3 0.2 
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~ " " "'.1 "" 3 • ~llHn fI-8 fl11lJl'\JlJ'\J'U'\JU 'Hl~flu';i:;m:)1JmnH)'U 'U PM IO (Ilg/m) ';i:;'I1'h~1'Uli 18-21 
v • v 

f1lJfl1't1'U1l 'rtf'\', 25511J~ntIJ~'Ulifff)lJ1l'\J~'j1'lH'Vli f1Hl'Vl'V'llJ'I1l'Um (i''Umn~) . . 
v v J~ " ) f1l1"'1"ll"'''IlU''Ilf.l~f.l~f1 '1::;flf.ll.Jfl1'HJf.lU U PM 10 (l-1g/m . ., .. 

TC OC EC OCI lUYI mn OC2 OC3 OC4 ECI EC2 EC3 

18 n :rt 2551 21.00-00.00 u. 31.9 22.7 9.2 1.4 6.4 8.9 5.6 7.3 1.2 l.l 

19 n .Yt. 2551 00.00-{)3.00 u. 38.6 29.0 9.6 3.3 6.3 11.6 7.0 9.4 0.6 0.3 

19 n.Yt. 2551 03.00-06.00 u. 39.2 31.9 7.3 1.2 7,1 13.3 6.8 10.0 0.7 0.0 

19 n.Yt. 2551 06.00-()9.00 u. 33.7 25.7 8.0 0.9 6.7 10.8 5.3 8.3 1.4 0.3 

19 n.Yt. 2551 09.00-12.00 u. 28.6 23 .6 5.0 0.9 5.7 9.7 5.2 6.1 0.9 0.0 

19 n.Yt . 2551 12.00-15.00 u. 31.9 26.4 5.5 0.9 5.8 11.2 6.1 6.5 0.8 0.6 

19 n.Yt. 2551 15.00-18.00 U. 32.2 27.1 5.1 1.0 7.0 10.6 5.7 7.1 0.7 0.2 

19 n .Yt . 2551 18.00-21.00 u. 40.6 33.1 7.5 2.6 5.8 14.0 6.3 11.3 0.7 0.0 

19 n .Yt. 2551 21.00-00.00 U. 43.7 34.4 9.3 3.4 7.1 13.7 7.5 11.2 1.0 0.0 

20 n .Yt . 2551 00.00-03.00 U. 41.0 33 .3 7.8 1.7 7.6 14.0 6.2 9.5 1.1 0.9 

20 n. Yt . 2551 03 .00-06.00 U. 33.9 26.5 7.3 1.4 6.4 10.6 5.5 7.2 1.6 1.2 

20 n .Yt . 2551 06.00-{)9.00 u. 32.9 24.8 8.1 J.3 6.4 9.8 5.2 7.6 1.5 l.l 

20 n .Yt . 2551 09.00-12.00 u. 31.6 24.0 7.6 1.2 5.9 9.8 5.4 6.9 1.4 1.1 

20 n.Yt. 2551 12.00-15.00 U. 34.1 27 .0 7.1 1.2 6.1 10.9 6.2 7.2 1.4 l.l 

20 n . Yt . 2551 15.00-18.00U. 45.3 38.4 6.8 1.4 8.3 16.4 8.5 9.4 0.9 0.4 

20 n .Yt . 2551 18.00-21 .00 u. 50.9 39.8 11.1 1.6 9.6 16.0 9.5 12.2 1.4 0.6 

20 n .Yt . 2551 21 .00-00.00 u. 63.2 48.6 14.6 1.9 11.8 20.1 10.4 16.4 1.5 1.0 

21 n .Yt . 2551 00.00-03.00 u. 61.5 47.8 13.7 3.9 9.4 18.8 11.0 16.1 1.3 0.9 

21 n .Yt . 2551 03.00-06.00 u. 35.3 28.2 7.1 1.I 6.7 11.0 5.7 9.0 1.3 0.4 

21 n.Yt.2551 06.00-09.00 u. 42.4 31.2 11.2 J.3 8.2 11.9 6.8 11.5 1.7 1.0 

21 n.Yt.2551 09.00-12.00 U. 39.5 30.9 8.6 3.6 6.0 12.0 6.1 10.1 1.5 0.2 

21 n .Yt . 2551 12.00-15.00 U. 37.2 30.0 7.3 1.6 7.6 11.9 6.6 7.7 1.2 0.6 

21 n.Yt. 2551 15.00-18.00 u. 41.7 33.6 8.1 1.4 7.7 13.4 7.9 8.5 1.6 1.1 

21 n.Yt. 2551 18.00-21.00 u. 63 .8 50.3 13.5 3.9 I J.3 18.6 11.6 15.7 1.9 0.9 . 
I .. 

tllltlilD 40.6 32.0 8.6 1.8 7.4 12.9 7.0 9.7 1.2 0.6 

±SD 10.0 7.9 2.6 1.0 1.7 3.1 1.9 3.0 0.4 0.4 
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.d ,.. ,.. "'_ I '" 'I 3 
V1l'H-1'Y1 ft-9 fl11lJl~lJ~'U~ij 'H)'lfllJ'j~m)lJm'jlJij'U I'U PM ,O (Ilglm) 'j~'wjl'l-)'UVi 18-21 

~ . ~ 

f1lJfl1oW'Un 'Yu1. 2551 lJ~l1w~'UViffmn 1~~'jl'lfl'Yli f1Hl'Yl'YUJ'l11'UfI'j (oM'UlJ'U) • • 
v v \/ I 1 ) mnU'U'WU'U'UMf>-3fl 'l::ml'Ufll'l'Uf>'U 'U PM 10 (Ilg/m 

~ .. 
lUYI mn TC OC EC OCI OC2 OC3 OC4 ECI EC2 EC3 

18 f).Vt 2551 21 .00-00.00 u. 48.9 37.6 11.3 1.5 8.9 16.8 8.6 11.3 1.3 0.7 
" 

19 f) .VI . 2551 00.00-03.00 U. 37.7 29.5 8.2 1.1 7.7 12.3 6.6 9.2 0.6 0.3 

19 f).VI . 2551 03 .00-06.00 U. 41.4 34.1 7.4 1.4 7.8 13.4 6.7 10.5 1.0 0.7 

19 f) .VI. 2551 06.00-09.00 U. 39.5 32.7 6.7 1.1 7.3 15.1 6.0 8.1 1.3 0.6 

19 f).VI . 2551 09.00-12.00 U. 44.5 38.0 6.5 1.1 8.3 18.5 7.0 7.9 1.2 0.5 

19 f) .VI. 2551 12.00-15.00 U. 40.0 33.1 6.9 1.1 7.3 13.6 7.7 8.6 1.1 0.6 

19 f).VI . 2551 15.00-18.00 u. 36.8 31.0 5.7 1.4 6.9 13.0 6.4 7.6 0.9 0.5 

19 f) .VI . 2551 18.00-21.00 U. - 51.1 43 .1 8.0 3.6 7.4 18.3 8.6 12.0 0.8 0.4 

19 f) .VI . 2551 21 .00-00.00 u. 44.6 36.0 8.5 1.4 7.9 15.6 7.2 10.5 1.5 0.6 

20 f) .VI . 2551 00.00-03 .00 u. 32.8 26.5 6.3 0.9 6.2 11.0 5.3 7.7 1.1 0.7 

20 f). VI. 2551 03.00-06.00 u. 26.8 21.1 5.7 0.8 5.4 8.7 2.9 6.9 1.3 0.8 

20 f) .VI . 2551 06.00-09.00 U. 29.2 24.1 5.2 1.0 5.8 10.9 4.4 5.3 1.4 0.4 

20 f) .VI . 2551 09.00-12.00 u. 35.8 28.5 7.3 0.7 6.5 13.1 5.8 7.3 1.6 0.7 

20 f) . VI . 2551 12.00-15.00 U. 34.6 27.4 7.1 1.3 6.1 11.9 5.8 6.9 1.6 1.1 

20 f).VI. 2551 15.00-18.00U. 44.9 37.9 7.0 1.1 8.7 15.6 8.2 9.8 1.4 0.3 

20 f) .VI . 2551 18.00-21.00 u. 43.9 37.0 6.9 1.3 8.1 14.9 8.7 9.5 1.1 0.4 

20 f).VI . 2551 21.00-00.00 U. 50.0 40.2 9.8 3.6 7.5 15.7 8.3 12.9 1.3 0.6 

21 f).VI . 2551 00.00-03 .00 u. 40.6 32.9 7.7 3.3 6.1 12.8 6.8 10.0 1.0 0.5 

21 f) .VI . 2551 03.00-06.00 U. 25.4 20.3 5.1 0.8 4.7 8.0 4.1 6.4 0.9 0.6 

21 f) .VI . 2551 06.00-09.00 U. 29.3 23 .2 6.2 1.0 5.6 9.7 4.6 7.1 1.0 0.4 

21 f) .VI.2551 09.00-12.00 u. 49.5 38.3 11.2 1.3 9.3 16.0 8.0 12.4 1.9 0.7 

21 f).VI . 2551 12.00-15.00 U. 34.0 27.7 6.3 1.3 6.6 11.1 6.4 7.1 1.2 0.4 

21 f) .VI . 2551 15.00-18.00 u. 41.5 34.1 7.4 3.3 6.1 13.4 7.6 9.4 1.2 0.6 

21 f) .VI . 2551 18.00-21.00 u. 35.6 29.8 5.8 0.9 6.3 11.2 7.9 7.7 1.0 0.4 . ..; 
fllltll:lrl 39.1 31.8 7.3 1.5 7.0 13.4 6.6 8.8 1.2 0.5 

±SD 7.4 6.2 1.6 0.9 1.2 2.8 1.6 2.0 0.3 0.2 
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J" If_I tI 1 I Q.I d Q.I rI 
Vll"lN'YI fHO HltHl~'HJ 'H)'!fllJ'J~flflumnHl'U 'U PM 10 (%) 'J~l1dNd'U'Yl 18-21 ~lJfl1'V'l'UTi 

,. . ,. 
oQ ..c!I d~ d Q.I , 

'V'l .ff. 2551 U'J1dW'V'l'U'YlffflEll !'IJ~'Jl 'IH'Yld fl~'!!'Yl'V'llJ111'Um ('!f'Um'!) 

" ~t1 ~ ~ "Hll'Jt'I::'tItl'lMfl ,)::M'Ufll')'UtlU U PM ,O (%) 
, 

v .. 

'U'YI mn TC OC EC OCI OC2 OC3 OC4 ECI EC2 EC3 

18 fH'1, 2551 21 .00-00.00 U. 26.6 19.4 7.1 0.9 5.5 8.7 4.2 6.9 0.4 0.0 

19 n.'Yi . 2551 00.00-03.00 'U. 28.1 21.1 7.0 1.0 5.8 8.9 5.0 7.0 0.4 0.0 

19 n.'Yi . 2551 03 .00-06.00 'U . 35.6 28.2 7.4 2.5 5.3 11.2 6.5 9.1 0.8 0.2 

19 n .'Yi . 2551 06.00-09.00 'U . 31.5 23 .2 8.3 1.0 6.1 9.3 5.0 8.4 1.5 0.2 

19 n .'Yi . 2551 09.00-12.00 'U. 32.2 25.1 7.1 0.8 6.4 10.1 5.6 7.7 1.4 0.2 

19 n.'Yi . 2551 12.00-15.00 'U. 36.0 29.7 6.3 1.1 7.5 12.5 7.0 6.7 1.0 0.2 

19 ii .'Yi . 2551 15.00-18.00 'U. 33.3 26.8 6.5 1.2 6.4 11.3 5.7 7.3 1.1 0.4 

19 n .'Yi . 2551 18.00-21 .00 'U. 41.2 31.4 9.8 2.8 6.6 13.2 7.2 10.4 0.8 0.3 

19 n.'Yi . 2551 21 .00-00.00 'U. 36.0 26.9 9.1 0.8 7.9 11.3 6.9 8.0 0.9 0.2 

20 n.'Yi . 2551 00.00-03.00 'U. 33.4 26.4 6.9 1.3 6.8 10.7 5.7 8.0 0.9 0.0 

20 n.'Yi . 2551 03 .00-06.00 'U . 31.8 24.3 7.5 1.1 5.5 10.0 5.2 7.9 1.5 0.6 

20 n .'Yi . 2551 06.00-09.00 'U. 30.3 22 .1 8.3 1.9 4.7 8.9 5.1 7.8 1.7 0.2 

20 n .'Yi. 2551 09.00-12.00 'U. 21.5 16.3 5.2 1.0 4.1 6.4 3.9 4.8 1.3 0.1 

20 n .'Yi . 2551 12.00-15 .00 'U. 30.0 24.9 5.1 1.1 5.7 10.2 5.9 6.2 0.9 0.1 

20 n.'Yi. 2551 15.00-18.00 'U. 33.8 27.6 6.2 2.7 4.7 11.0 6.7 7.3 1.0 0.4 

20 n.'Yi . 2551 18.00-21.00 'U. 31.2 24.5 6.7 2.5 4.7 9.2 5.7 7.9 0.9 0.3 

20 n .'Yi . 2551 21 .00-00.00 'U . 35.4 27.0 8.4 3.0 5.3 10.1 5.8 10.2 0.8 0.2 

21 n.'Yi . 2551 00.00-03.00 'U . 32.1 24.1 8.0 2.4 4.6 9.2 5.4 9.4 0.7 0.3 

21 n.'Yi.2551 03.00-06.00 U. 26.9 20.9 5.9 1.2 5.0 7.8 4.7 6.7 1.1 0.4 

21 n .'Yi. 2551 06.00-09.00 'U . 24.5 18.1 6.5 0.9 4.4 7.1 4.1 7.0 1.0 0.0 

21 n .'Yi . 2551 09.00-12.00 'U . 28.7 21.1 7.6 1.0 5.1 8.2 5.2 7.7 1.2 0.3 

21 n.'Yi.2551 12.00-15.00 'U. 26.1 21.0 5.1 2.3 3.9 7.8 5.1 6.0 0.8 0.2 

21 n.'Yi.2551 15.00-18.00 'U. 33.6 27.3 6.3 1.3 6.2 11.0 6.5 7.2 1.0 0.4 

21 n .'Yi . 2551 18.00-21.00 'U. 43.8 34.6 9.2 3.7 6.9 12.6 8.0 11.1 1.1 0.4 
, . .. 

fllltliUJ 31.8 24.7 7.1 1.6 5.6 9.9 5.7 7.8 1.0 0.2 

±SD 5.0 4.3 1.3 0.9 1.1 1.7 1.0 1.4 0.3 0.1 
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~ . ~ 
.Q .a d~ do Q.I 

'Vut 2551 'U'H1W'Y'I'U'Ylf1'nll1l'Uml 'IH'Yl1 nHI'Yl'Y'lU111'Um ('If'Un''l.:j) • 
... \1 " 'H)tIi.'I::"I.IO-lO-lfl 'l::noum'lUo'\.! '\.! PM IO( %) . 

.., q 

TC OC EC OCI 1'\.!'YI 11i.'11 OC2 OC3 OC4 ECI EC2 EC3 

18 n.v. . 2551 21 .00-00.00 'U . 27.2 19.3 7.8 1.2 5.5 7.6 4.8 6.2 1.0 0.9 

19 n.v. . 2551 00.00-03.00 'U. 28.2 21.2 7.0 2.4 4.6 8.5 5.1 6.9 0.5 0.2 

19 n.v.. 2551 03 .00-06.00 'U. 34.4 28.0 6.4 1.1 6.3 11.7 6.0 8.8 0.6 0.0 

19 n.v.. 2551 06.00-09.00 'U . 31.5 24.0 7.4 0.8 6.2 10.1 5.0 7.8 1.3 0.3 

19 n .v. . 2551 09.00-12.00 'U. 26.6 22.0 4.6 0.9 5.3 9.1 4.9 5.7 0.8 0.0 

19 n .v. . 2551 12.00-15.00 'U. 28.3 23.4 4.9 0.8 5.2 9.9 5.4 5.7 0.7 0.6 

19 n .v. . 2551 15.00-18.00 'U. 29.1 24.4 4.6 - 0.9 6.3 9.6 5.2 6.4 0.6 0.2 

19 n.v.. 2551 18.00-21.00 'U. 31.6 25.7 5.8 2.0 4.5 10.9 4.9 8.8 0.5 0.0 

19 n .v. . 2551 21 .00-00.00 'U . 27.9 22.0 6.0 2.1 4.5 8.7 4.8 7.1 0.6 0.0 

20 n .v. . 2551 00.00-03.00 'U. 36.2 29.4 6.9 1.5 6.7 12.4 5.5 8.4 0.9 0.8 

20 n.v. . 2551 03 .00-06.00 'U. 34.4 27.0 7.5 1.4 6.5 10.8 5.6 7.3 1.6 1.2 

20 n .v. . 2551 06.00-09.00 'U. 36.8 27.7 9.1 1.5 7.2 11.0 5.8 8.5 1.7 1.2 

20 n.v. . 2551 09.00-12.00 'U. 40.5 30.7 9.7 1.5 7.5 12.6 6.9 8.8 1.8 1.4 

20 n.v. . 2551 12.00-15.00 'U. 36.5 28.9 7.6 1.3 6.5 11.7 6.6 7.7 1.5 1.2 

20 n.v. . 2551 15.00-18.00 'U. 37.6 31.9 5.7 1.2 6.9 13.6 7.0 7.8 0.8 0.3 

20 n.v. . 2551 18.00-21 .00 'U. 39.5 30.9 8.6 1.2 7.4 12.4 7.4 9.5 1.1 0.4 

20 n .v. . 2551 21.00-00.00 'U. 47.6 36.6 11.0 1.4 8.9 15.2 7.8 12.4 1.2 0.8 

21 n.v. . 2551 00.00-03 .00 'U. 42.6 33.1 9.5 2.7 6.5 13.0 7.6 11.2 0.9 0.6 

21 n .v. . 2551 03.00-06.00 'U. 38.9 31.0 7.8 1.2 7.4 12.1 6.3 9.9 1.4 0.5 

21 n .v. . 2551 06.00-09.00 'U . 42.0 30.8 Il.l 1.3 8.1 11.8 6.7 11.4 1.7 1.0 

21 n .v. . 2551 09.00-12.00 'U. 39.5 30.9 8.6 3.6 6.0 12.0 6.1 10.1 1.5 0.2 

21 n .v. . 2551 12.00-15.00 'U. 36.0 29.0 7.0 1.5 7.4 11.5 6.3 7.4 1.2 0.6 

21 n .v. . 2551 15.00-18.00 'U. 40.1 32.3 7.7 1.4 7.4 12.9 7.6 8.2 1.5 1.0 

21 n .v. . 2551 18.00-21.00 'U . 51.9 41.0 11.0 3.1 9.2 15.1 9.5 12.8 1.5 0.7 
, .. 

fllItH10 36.0 28.4 7.6 1.6 6.6 11.4 6.2 8.5 1.1 0.6 

±SD 6.6 5.1 1.9 0.7 1.3 1.9 1.2 2.0 0.4 0.4 



126 . . q" tI .. 1 rI i I QI.dI Q,I Iff 
vllH:.tn f1-12 'HW":;'UtJ ·Hl:.tfllJ'J:;m)'UfIl'J'UtJ'U 'U PM IO (%) 'J:;'I111'11'U'Yl 18-21 fJlJfl1~'U1i 

~ . ~ 
Q oI!.t d4 d QJ 

~.fl'. 2551 'U'Jl1W~'U'Ylfl'mn L'U~'Jl 'IH'Yl1 f)~'1L'Yl~lJ'I11'UfI'j ('b''U'U'U) 

1V[J"'::'lJMtHthh::oV'UfIl4'Ut)'u l'U PM.o (%) . 
ov .. 
l'U'YI n"" TC OC EC OCI OC2 OC3 OC4 ECI EC2 EC3 

18 n:rt 2551 21 .00-00.0014 . 27.9 21.4 6.4 0.8 5.1 9.5 4 .9 6.4 0.7 0.4 

19 n.l'! . 2551 00.00-03.0014 . 28.8 22.5 6.3 0.8 5.9 9.4 5.0 7.0 0.4 0.2 

19 n.l'! . 2551 03 .00-06.0014 . 38.5 31.6 6.9 1.3 7.3 12.5 6 .2 9.7 0.9 0.6 

19 n.l'!. 2551 06.00-09.0014. 40.2 33.3 6.9 1.1 7.4 15.3 6.1 8.2 1.4 0.6 

19 n.l'! . 2551 09.00-12.0014. 39.1 33.4 5.7 1.0 7.3 16.3 6.2 6.9 1.0 0.4 

19 n.l'!. 2551 12.00-15 .0014. 34.7 28.7 5.9 0.9 6.3 11.8 6.7 7.5 0 .9 0.5 

19 n.l'! . 2551 15.00-18.0014. 35.7 30.2 5.6 1.4 6.7 12.6 6.2 7.4 0.9 0.5 

19 n.l'! . 2551 18.00-21 .0014. 43.5 36.7 6.8 3.0 6.3 15.5 7.4 10.2 0.7 0.3 

19 n.l'!. 2551 21 .00-00.0014. 35.7 28.9 6.8 1.1 6.3 12.5 5.8 8.4 1.2 0.5 

20 n.l'! . 2551 00.00-03.0014. 32.8 26.5 6.3 0.9 6.2 11.0 5.3 7.7 1.1 0.7 

20 n.l'! . 2551 03 .00-06.0014. 31.6 24.9 6.8 0.9 6.4 10.2 3.4 8.2 1.6 0.9 

20 n.l'! . 2551 06.00-09.0014. 29.2 24.0 5.2 1.0 5.8 10.9 4.4 5.3 1.4 0.4 

20 n.l'!. 2551 09.00-12.0014 . 32.0 25.5 6.5 0.6 5.8 11.7 5.2 6.6 1.5 0.7 

20 n.l'! . 2551 12.00-15.0014. 35.6 28.3 7.3 1.3 6.3 12.2 6.0 7.1 1.6 1.1 

20 n.l'! . 2551 15.00-18.0014. 42.2 35.7 6.6 1.0 8. 1 14.6 7.7 9.2 1.3 0.3 

20 n.l'! . 2551 18.00-21.0014. 37.8 31.8 5.9 1.1 7.0 12.8 7.5 8.2 1.0 0.3 

20 n.l'! . 2551 21 .00-00.0014. 40.6 32.7 8.0 2.9 6.1 12.8 6.8 10.5 1.1 0.5 

21 n.l'! . 2551 00.00-03 .0014 . 36.8 29.8 7.0 3.0 5.6 11.6 6.2 9.1 0.9 0.4 

21 n.l'! . 2551 03 .00-06.0014. 31.4 25. 1 6.3 1.0 5.9 9.9 5.0 7.9 1.1 0.7 

21 n.l'! . 2551 06.00-09.0014 . 25.8 20.4 5.4 0.8 4.9 8.5 4.1 6.2 0.9 0.4 

21 n.l'! . 2551 09.00-12.0014. 42.1 32.6 9.5 1.1 7.9 13.6 6.8 10.5 1.6 0.6 

21 n.l'! . 2551 12.00-15.0014. 29.4 23 .9 5.5 1.1 5.7 9.6 5.5 6.2 1.0 0.3 

21 n.l'!. 2551 15.00-18.0014. 34.2 28.1 6.1 2.7 5.0 11.0 6.3 7.7 1.0 0.5 

21 n.l'!.2551 18.00-21.0014. 32.3 27.0 5.3 0.8 5.7 10.2 7.2 7.0 0.9 0.4 . ..; 
34.9 28.5 6.5 1.3 6.3 11.9 5.9 7.9 1.1 0.5 flllUiUl 

±SD 4.9 4.5 1.0 0.7 0.9 2.1 1.1 1.4 0.3 0.2 
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" . Q ~ dc9 d 

'VUY. 2551 1j'H1W'Vi'U'YlfYf)'141L'Um l 'IH'Yll f)~ ~L'Yl'VilJ'I11'Ufl'j 

" '11 " 'HltJt'l::'Uf).:JtHfl 'l::OOlJfll'nmU U PM 10 

.... ... 
1U'YI nt'll %TCin PM ,O % OC in PM ,O % ECin PM

10 . . . . 
~tl1h~ ,'Umm "'1411'14 

u I 

''Umn~ ~U1lU 
u I ,umm "'1411'14 'VU"l,.:J 'VU"l1.:l 

18 n . .., . 2551 21 .00-00.00 "U. 26.6 27.2 27.9 19.4 19.3 21.4 7.1 7.8 6.4 

19 n . ..,. 2551 00.00-03.00 u. 28.1 28.2 28.8 21.1 21.2 22.5 7.0 7.0 6.3 

19 n . ..,. 2551 03.00-06.00 u. 35.6 34.4 38.5 28.2 28.0 31.6 7.4 6.4 6.9 

19 n . .., . 2551 06.00-09.00 u. 31.5 31.5 40.2 23.2 24.0 33.3 8.3 7.4 6.9 

19 n . ..,. 2551 09.00-12.00 u. 32.2 26.6 39.1 25.1 22.0 33.4 7.1 4.6 5.7 

19 n . ..,. 2551 12.00-15.00 u. 36.0 28.3 34.7 29.7 23.4 28.7 6.3 4.9 5.9 

19 n . ..,. 2551 15.00-18.00 u. 33.3 29.1 35.7 26.8 24.4 30.2 6.5 4.6 5.6 

19 n . ..,. 2551 18.00-21.00 u. 41.2 31.6 43.5 31.4 25.7 36.7 9.8 5.8 6.8 
;". 

19 n . .., . 2551 21 .00-00.00 u. 36.0 27.9 35.7 26.9 22.0 28.9 9.1 6.0 6.8 

20 n . ..,. 2551 00.00-03.00 'U. 33.4 36.2 32.8 26.4 29.4 26.5 6.9 6.9 6.3 

20 n . ..,. 2551 03.00-06.00 'U. 31.8 34.4 31.6 24.3 27.0 24.9 7.5 7.5 6.8 

20 n . .., . 2551 06.00-09.00 'U. 30.3 36.8 29.2 22.1 27.7 24.0 8.3 9.1 5.2 

20 n . ..,. 2551 09.00-12.00 'U. 21.5 40.5 32.0 16.3 30.7 25.5 5.2 9.7 6.5 

20 n . ..,. 2551 12.00-15.00 'U. 30.0 36.5 35.6 24.9 28 .9 28.3 5.1 7.6 7.3 

20 n . ..,. 2551 15.00-18.00 'U. 33.8 37.6 42.2 27.6 31.9 35.7 6.2 5.7 6.6 

20 n . ..,. 2551 18.00-21 .00 'U. 31.2 39.5 37.8 24.5 30.9 31.8 6.7 8.6 5.9 

20 n . ..,. 2551 2 1.00-00.00 'U. 35.4 47.6 40.6 27.0 36.6 32.7 8.4 11.0 8.0 

21 n."' . 2551 00.00-03.00 'U. 32. 1 42.6 36.8 24.1 33.1 29.8 8.0 9.5 7.0 

21 n ."' . 2551 03 .00-06.00 'U. 26.9 38.9 31.4 20.9 31.0 25.1 5.9 7.8 6.3 

21 n."' . 2551 06.00-09.00 'U. 24.5 42.0 25.8 18.1 30.8 20.4 6.5 11.1 5.4 

21 n."' . 2551 09.00-12 .00 'U. 28.7 39.5 42. 1 21.1 30.9 32.6 7.6 8.6 9.5 

21 n ."' . 2551 12.00-15.00'U. 26.1 36.0 29.4 21.0 29.0 23.9 5.1 7.0 5.5 

21 n."' . 2551 15.00-18.00 'U. 33.6 40.1 34.2 27.3 32.3 28.1 6.3 7.7 6.1 

21 n."' . 2551 18.00-21.00 'U. 43.8 51.9 32.3 34.6 41.0 27.0 9.2 11.0 5.3 

I .. 
28.4 28.5 7.1 7.6 6.5 fl1lil"l!J 31.8 36.0 34.9 24.7 

±SD 5.0 6.6 4.9 4.3 5.1 4.5 1.3 1.9 1.0 
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QJ .I Q ~ d.c:9 d 

fllJfllVfUli VU1. 2551 U 'H1ru'YfU'YIf1flEl11'IJ1fl~1 'lH'YI1 flHI'YI'YllJ'111'Ufl~ • • 

-¥tlml::'lJtl.:J OC ua:: Eclll TC (%) . . . . .., ~ .., , .., .., 
1ll'Yl nal 'lJll a 1.:J 'lJllOaH 'lJllUll 

oc EC OC EC OC EC 

IS n.l'!. 2551 21.00-00.00 'U . 73.1 26.9 71.2 28.8 76.9 23.1 

19n.l'!.2551 00.00-03.00 'U . 75.0 25.0 75.1 24.9 78.2 21.8 

19 n.l'!. 2551 03.00-06.00 'U. 79.3 20.7 81.4 18.6 82.2 17.8 

19 n .l'! . 2551 06.00-09.00 'U . 73.6 26.4 76.4 23.6 82 .9 17.1 

19 n.l'! . 2551 09.00-12.00 'U. 77.9 22.1 82.7 17.3 S5.4 14.6 

19 n .l'! . 2551 12.00-15.00 'U . 82.5 17.5 82.8 17.2 S2.9 17.1 

19 n.l'! . 2551 15.00-IS.OO 'U . SO.5 19.5 84.1 15.9 84.4 15.6 

19 n .l'! . 2551 18.00-21 .00 'U . 76.3 23.7 SI.5 18.5 S4.3 15.7 

19 n.l'! . 2551 21 .00-00.00 'U . 74.S 25.2 78.7 21.3 SO.9 19.1 

20 n .l'! . 2551 00.00-03.00 'U . 79.2 20.8 81.1 18.9 80.S 19.2 

20 n .l'! . 2551 03.00-06.00 'U . 76.5 23.5 7S.3 21.7 7S.6 21.4 

20 n .l'!. 2551 06.00-09.00 'U . n .7 27.3 75.3 24.7 82.3 17.7 

20 n .l'! . 2551 09.00-12.00 'U . 75.8 24.2 75.9 24.1 79.7 20.3 

20 n.l'! . 2551 12.00-15.00 'U. 82.9 17.1 79.3 20.7 79.4 20.6 

20 n .l'! . 2551 15.00-IS.OO 'U. SI.6 18.4 84.9 15.1 S4.5 15.5 

20 n.l'!. 2551 IS.OO-21.00 'U . 7S.5 21.5 7S.3 21.7 84.3 15.7 

20 n .l'! . 2551 21 .00-00.00 'U . 76.3 23.7 76.8 23.2 SO.4 19.6 

21 n.l'! . 2551 00.00-03.00 'U . 75 .2 24.8 77.6 22.4 81.0 19.0 

21 n .l'! . 2551 03.00-06.00 'U . 77.9 22 .1 79.8 20.2 80.0 20.0 

21 n .l'! . 2551 06.00-09.00 'U . 73 .6 26.4 73.5 26.5 79.0 21.0 

21 n: I'I . 2551 09.00-12.00 'U . 73.6 26.4 78.2 21.8 77.4 22.6 

21 n .l'!.2551 12.00-15 .00 'U . SO.3 19.7 SO.5 19.5 81.3 18.7 

21 n .l'! . 2551 15.00-18.00 'U . 81.4 18.6 80.7 19.3 82.2 17.8 

21 n .l'! . 2551 18.00-21.00 'U . 79.0 21.0 78.9 21.1 83.7 16.3 
, .. 

fI1liH'IU 77.4 22.6 78.9 21.1 81.4 18.6 

:!:SD 3.1 3.1 3.3 3.3 2.4 2.4 
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ff~thU"f).:J OC/Ec1u PM ,O . w w w 
OJ .. OJ , OJ OJ 
1UYI l1,n 'IIUaH 'IIUnaH 'IIU'lJU 

18 f) .VI . 2551 21.00-00.00 'U . 2.72 2.47 3.32 

19 f).VI. 2551 00.00-03 .00 'U. 2.99 3.01 3.60 

19 f) .VI. 2551 03.00-06.00 'U. 3.84 4.37 4.60 

19 f) .VI. 2551 06.00-09.00 'U. 2.79 3.23 4 .85 

19 f) .VI. 2551 09.00-12.00 'U. 3.53 4.77 5.87 

19 f) .VI . 2551 12.00-15.00 'U. 4.71 4.81 4.83 

19 f).VI . 2551 15.00-18.00 'U . 4.12 5.28 5.43 

19 f) .VI . 2551 18.00-21.00 'U . 3.21 4.42 5.37 

19 f) .VI . 2551 21.00-00.00 'U. 2.96 3.69 4.24 
. , 

20 f) .VI . 2551 00.00-03 .00 'U. 3.8 1 4.28 4.21 

20 f).VI . 2551 03 .00-06.00 'U. 3.25 3.61 3.68 

20 f).VI. 2551 06.00-09.00 'U. 2.66 3.05 4.65 

20 f) . VI . 2551 09.00-12 .00 'U . 3.13 3. 15 3.92 

20 f) .VI . 2551 12.00-15 .00 'U. 4.84 3.83 3.85 

20 f) .VI . 2551 15.00-18.00 'U. 4.44 5.62 5.44 

20 f).VI. 2551 18.00-21.00 'U . 3.65 3.60 5.35 

20 f) . VI . 2551 21.00-00.00 'U . 3.22 3.32 4.10 

21 f) .VI . 2551 00.00-03 .00 'U. 3.03 3.47 4 .27 

21 f).VI . 2551 03.00-06.00 'U . 3.53 3.95 4.00 

21 f) .VI . 2551 06.00-09.00 'U. 2.79 2.77 3.77 

21 f) .VI . 2551 09.00-12.00 'U . 2.79 3.59 3.42 

21 f).VI. 2551 12.00-15 .00 'U . 4.08 4.13 4.36 

21 f) .VI . 2551 15.00- 18.00 'U. 4.37 4. 18 4.61 

21 f) .VI . 2551 18.00-21.00 'U. 3.77 3.73 5.14 
, .. 

fllliHlrJ 3.51 3.85 4.45 

±SD 0.65 0.78 0.71 
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~ ",., i" tQ"ld V1l'nn1 fH6 fllllJl'\JlJ'\J'U'\Jij.:j SOC 'U PM IO U":;~ijtl":;'\Jij.:j SOC/OC (%) ~:;'I111n'U'Yl 18-21 

v v , 1t)[J~::;'Ut),:j SOC/OC (%) .., ... fnllll'UlI'U'j.j'UM SOC 'j.j PM 10 

1'j.j'Yl n~l .. .. .. .. .. .. .., , .., .., .., , .., .., 
'II'j.j~H 'II'j.jn~H 'II'j.j1J'j.j 'II'j.j~H 'II'j.jn~H 'II'j.j1J'j.j 

18 n:rt 2551 21 .00-00.00 'U. 0.62 0.00 0 .04 2.12 -0.02 0.12 

19 n.YI . 2551 00.00-03.00 'U . 3.36 5.20 2.26 IJ.J5 17.93 7.67 

19 n.YI . 2551 03.00-06.00 'U. 10.42 13.84 9.50 30.67 43.41 27.90 

19 n.YI. 2551 06.00-09.00 'U. 1.22 6.06 10.34 4 .50 23.57 31 .59 

19 n.YI . 2551 09.00-12.00 'U. 5.89 11.38 16.52 24.64 48.18 43.47 

19 n .YI . 2551 12.00-15.00 'U . 12.14 12.87 10.36 43.48 48.66 31.29 

19 n .YI . 2551 15.00-18.00 'U. 10.35 14.42 12.06 35.42 53.22 38.84 

19 n .YI. 2551 18.00-21.00 'U. 6.63 14.61 16.47 17.21 44.10 38.21 

19 n.YI. 2551 21 .00-00.00 'U . 4 .21 11.39 7.79 10.21 33. 11 21 .62 

20 n.YI . 2551 00.00-03 .00 'U. 9.50 14.06 5.60 30.21 42 .26 21.15 

20 n.YI . 2551 03 .00-06.00 'U. 4.32 8.36 2.08 18. 15 31.54 9.86 

20 n.YI . 2551 06.00-09.00 'U. 0.03 4.70 6.87 0. 16 18.96 28.57 

20 n.YI. 2551 09.00-12.00'U. 2.71 5.19 4 .38 15.11 21 .63 15.36 

20 n.YI . 2551 12.00-15.00 'U . 10.51 9.61 3.79 44.99 35.53 13.81 

20 n.YI . 2551 15.00-18.00 'U. 13.84 21.56 14.77 40. 10 56.08 38.94 

20 n.YI . 2551 18.00-21.00 'U . 9.31 12.51 14.06 27.22 31.41 37.98 

20 n.YI . 2551 21.00-00.00 'U. 6.68 12.38 7.62 17.34 25.50 18.96 

21 n.YI . 2551 00.00-03.00 'U . 4 .81 13.79 7.29 12.12 28.88 22.19 

21 n .YI . 2551 03.00-06.00 'U. 5.06 10.56 3.47 24.61 37.49 17.08 

21 n .YI.2551 06.00-09.00 'U . 0.88 3.42 2.74 4.73 10.96 11.83 

21 n .YI . 2551 09.00-12.00 'U. 1.17 9.61 1.08 4 .70 31.12 2.82 

21 n.YI . 2551 12.00-15.00 'U. 9.22 12.03 6.61 34.87 40.13 23 .86 

21 n .YI . 2551 15.00- 1 8.00 'U . 11.32 13 .74 9.54 39.06 40.84 27.94 

21 n.YI.2551 18.00-21.00 'U. 11 .23 17.01 10.53 29.46 33 .80 35.36 . .. 
fl1ltltUI 6.48 10.76 7.74 21.8 33.3 23.6 

±SD 4.20 4.82 4.81 13.9 13.5 12.2 



.fllflHl!1f) .:J 
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, "" JI, 

Vll'nrn ~-1 .,j'm.HHJ'fIiJtllJl'Yltll'~'U~hm~tI'lltl 3 i11lJ~ ~'UViffmnflllflfll11CflhHU ~~l11Cfl cu ,,~ u 

" ff'l'\Jm (i'Uril~) 

tnll1~'U 

~W'HlJij m~Ulnlt1 
.. I 

t)l'Y1~U 
v v I 
ffll'Vf'YIti . 

1'Uii !1al ( oC) (mmHg) (W/ml (%) (m/sec) (t)~t11) 

17 li.fl. 2550 21 .00-00.00 'U . 26.5 755.1 0.0 84.5 2.7 230.6 

18 li.fl. 2550 00.00-03 .00 'U. 26.3 754.3 0.0 85.8 2.0 232.5 

18li.fl.2550 03 .00-06.00 'U . 26.1 753.7 0.0 86.8 1.8 226.9 

18li.fl . 2550 06.00-09.00 'U. 26.8 754.7 95.5 84.4 2.0 234.4 

18li.fl . 2550 09.00-12.00'U. 27.4 755.6 367.2 81.8 3.2 238.1 

18li .fl.2550 12.00-15.00'U. 29.4 753.7 500.2 70.8 3.8 264.4 

18 li.fl. 2550 15.00-18.00 'U. 28.1 753.0 105.5 77.5 3.3 268.1 

18 li .fl . 2550 18.00-21 .00 'U. 27.2 754.2 0.2 81.9 2.7 264.4 

18li.fl. 2550 21.00-00.00 'U . 26.7 754.9 0.0 84.0 2.6 262.5 

19 li . fl . 2550 00.00-03.00 'U . 26.7 754.1 0.0 83.3 2.3 264.4 

19 li .fl . 2550 03 .00-06.00 'U . 26.8 753.5 0.0 81.5 2.3 262.5 

19li .fl . 2550 06.00-09.00 'U. 26.9 754.7 98.0 83.2 2.1 226.9 

19li.fl . 2550 09.00-12.00'U. 28.4 755.5 244.3 76.2 2.9 240.0 

19 li .fl . 2550 12.00-15.00 'U . 28.6 754.0 254.2 72.8 3.0 268.1 

19 li.fl . 2550 15.00-18.00 'U . 28.0 753.2 104.3 75.1 2.6 270.0 

19 li .fl. 2550 18.00-21 .00 'U . 27.3 754.4 0.0 76.2 2.7 270.0 

19 li.fl. 2550 21.00-00.00 'U . 27.2 755.0 0.0 75.4 2.5 268.1 

20 li .fl . 2550 00.00-03.00 'U . 26.4 754.1 0.0 81.2 2.0 251 .3 

20 li.fl. 2550 03.00-06.00 'U. 26.0 753.6 0.0 84.5 1.4 249.4 

20 li .fl. 2550 06.00-09.00 'U . 26.2 755.2 74.6 86.3 2.4 221.3 

20 li .fl . 2550 09.00-12.00 'U . 28.5 755.9 383.8 70.7 3.0 243.8 

20li.fl . 2550 12.00-15.00'U. 28.5 754.7 281.4 71.5 2.2 270.0 

20 li .fl . 2550 15.00-18.00 'U . 27.9 754.0 113.3 74.0 2.5 273.8 

20 li.fl. 2550 18.00-21.00 'U. 27.1 755.7 0.0 79.4 1.8 256.9 
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, """ I 

VIl'll ·rn .:j-2 'li'UlJClU\PliJtJlJl'Y1tJ1Yh.J~hm~(J'ntJ 6 il 1m ~'WV)ffmmh.fH)'I11\PlhIW ')~111\Pl 
" ~" u ,. 

Cl' 'l'IJCll (i''W ril'l) 

fl~UtJlJ1Y1tJl~'UH1In~tl'lltl 6 ~1111'l .. ... ... '" ... " .. 
mlll~U 'l'ltT~1'1 mlll'V'U mllll'l1 YltlYlH .. .. I ... ... I 

fltl.!M.fJll U'l "1 tJl Ol tl tllYl~tl tTll'YfYlti all all . ... '" ( 0C) (mmHg) (W/m) (%) (m/sec) (tl'ltll) 1UYI Idal 

17-18 HI. 2550 21.00-03.00 'U. 26.4 754.7 0.0 85.2 2.3 231 .6 

18 li.fl . 2550 03.00-09.00 'U. 26.4 754.2 47.8 85.6 1.9 230.6 

18 li .fl. 2550 09.00-15.00 'U . 28.4 754.6 433.7 76.3 3.5 251.3 

18 li.fl. 2550 15.oo-21.00'U. 27.6 753 .6 52.8 79.7 3.0 266.3 

18-19li.fl.2550 21.00-03.00 'U . 26.7 754.5 0.0 83 .7 2.4 263.4 

19 li. fl . 2550 03.00-09.00 'U . 26.8 754.1 49.0 82.3 2.2 244.7 

19 li. fl . 2550 09.00-15.00 'U. 28.5 754.7 249.2 74.5 2.9 254.1 

19li .fl.2550 15.00-21.00 U. 27.6 753 .8 52.1 75.6 2.7 270.0 

19-20 li .fl. 2550 21.00-03.00 'U. 26.8 754.6 0.0 78.3 2.3 259.7 

20 li .fl . 2550 03.00-09.00 'U . 26.1 754.4 37.3 85.4 1.9 235.3 

20 li . fl . 2550 09.00-15.00 'U. 28.5 755.3 332.6 71.1 2.6 256.9 

20 li .fl. 2550 15.00-21.00 'U . 27.5 754.8 56.6 76.7 2.2 265.3 

, """ , 
VIl'lNn ~-3 'li'UlJClU\PliJtJlJl'Y1tJl~'WHlm~tJ'ntJ 3 i'l 1lJ'l ~'Wv)fffl1:ml1!flUl1lfl il1W ')~111\PlCl'~'lJm 

'\I .. II U 

-"=' Q l Q c: ':'1 
fl~Utl1l1Y1tJl'Yf'Uf·mnatl'lltl 3 'V1 ll'l 

... ... '" ..; 
" .. 

fl1111~'U 'l'ltTA1'1 fl1111'V'U fl11111'l1 YltlYll'l .. .. I v ... I 

fltl.!M.fJll U'l'ltJlOltl tllYl~tl tTll'Yf Ylti all all . ...... (0C) (mmHg) (W/m) (%) (m/sec) (tl'ltll) 1'UYI Idal 

17li .fl.2550 21.00-00.00 'U. 26.2 750.4 0.0 79.8 3.0 116.3 

18 li . fl. 2550 00.00-03.00 'U. 26.0 749.6 0.0 80.7 2.6 110.6 

18 li .fl. 2550 03.00-06.00 'U. 25.9 749.1 0.0 82.0 2.2 112.5 

18 li. fl. 2550 06.00-09.00 'U. 26.5 750.1 152.1 79.3 2.5 110.6 

18 li .fl. 2550 09.00-12.00 'U. 26.9 750.9 297.9 77.7 3.9 116.3 

18 li .fl . 2550 12.00-15.00 'U. 28.8 749.0 213.4 68.0 5.6 97.5 

18 li.fl. 2550 15.00-18.00 'U . 27.6 748.3 114.2 73.7 5.0 93.8 

18li.fl . 2550 18.00-21.00 'U. 26.8 749.5 0.3 78.1 4.3 88.1 

18 li .fl . 2550 21.00-00.00 'U . 26.3 750.2 0.0 80.3 4.0 93.8 
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, """ . 
m'nrn -3-3 .u'~lJ,,~~ijVlJi'YlV1YilJHlm~mlV 3 il1lJ'I YilJlif1tlElliilliHllll~ hnu ~-3ll'l~ 

" q q tJ 

>I 

ff'l'Urll (ilJtlrll'l) (~B) 

.. 
i'-3 UVl 1-3 fll1JJcti,.. flllJJ'~l cflftYll-3 

... J 
61lWI[J 

(mmHg) (W/m) (%) (m/sec) (tl,un) 

19 Ii . fl . 2550 00,00-03 ,00 'U , 265 749.4 0.0 78,9 3,8 91.9 

19 Ii .fl , 2550 03 ,00-06.00 'U , 26.6 748,8 0.0 77.0 4.2 103.1 

19Ii,fl, 2550 06,00-09,00 'U . 26.6 750.1 106.3 78.6 2,6 1125 

19 Ii ,fl. 2550 09,00-12.00 'U . 27.9 750.8 237.8 71.7 4,0 106,9 

19Ii,fl, 2550 12.00-15.00 'U. 28.1 749.3 257.1 69.1 4.7 975 

19 Ii.fl . 2550 15.00-18.00 'U. 27.6 748.5 106.8 71.7 3.8 88.1 

19 Ii .fl . 2550 18.00-21.00 'U. 27.0 749.8 0.0 72.3 4.1 86.3 

19 Ii.fl . 2550 21.00-00.00 'U . 26.9 750.4 0.0 71.8 3.6 88.1 

20 Ii .fl . 2550 00.00-03.00 'U . 26.1 749.4 0.0 77.2 2,9 103.1 

20 Ii.fl. 2550 03.00-06.00 'U . 25.8 748.9 0.0 79.7 2.0 99.4 

20 Ii ,fl . 2550 06.00-09.00 'U . 25.9 7505 125.8 80.2 2.2 118.1 

20 Ii .fl . 2550 09.00-12.00 'U . 28.1 751.2 360.7 67.3 4.0 99.4 

20 Ii. fl. 2550 12,00-15.00 'U. 28.1 750.0 279.0 68.1 2.8 86.3 

20 Ii .fl . 2550 15.00-18.00 'U . 27.6 749.3 118.1 70.4 3.1 88.1 

20 Ii.fl. 2550 18.00-21.00 'U. 26.7 751.1 0.0 75.7 3.3 97.5 

. "1." , 
m'lNn -3-4 .u'~lJ,,~~ijVlJi'YlV1YilJHlm~V~lV 6 il1lJ'I YilJlif1mmhi1mll~ h1\u ~'1l'''l~ff'l'U''l 

" q q tJ 

. ...... 
'l'Ull 

17-18 Ii.fl. 2550 

18 Ii .fl . 2550 

18 Ii .fl . 2550 

18 Ii .fl . 2550 

18-19 Ii .fl . 2550 

19 Ii . fl. 2550 

fl11lJ~'U 

~w't'llJii tn'.itllOlI'l 

rHn (oC) (mmHg) 

21.00-03 .00 'U. 26.1 750.0 

03.00-09.00 'U . 26.2 749.6 

09.00-15.00 'U . 27.9 749.9 

15.00-21.00 'U. 27.2 748.9 

21.00-03 .00 'U . 26.4 749.8 

03 .00-09.00 'U . 26.6 749.4 

... J 
tllll~[J 

(W/m) (%) (m/sec) 

0.0 80.3 2.8 

76.0 80.6 2.4 

255.7 72.8 4.7 

57.2 75.9 4.6 

0.0 79.6 3.9 

53 .1 77.8 3.4 

;'il'llll~ 

(tl~l'Il) 

113.4 

111 .6 

106.9 

90.9 

92.8 

107.8 
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, ", I ", 

mn~n -3-4 .u't)lJClt)1li1t1lJl'V1tI1-WlJ~1m~tI~lt1 6 i111J~ -wlJ'Viffmniil1fW1111l1 mu ~~l1'11l 
'V 4 It U 

" Cl'~'\JCll (ilJf)Cll~) (~tl) 

~~ijtJ)J1Y1tJl'~lJihm~tJ'i1tJ 6 ~11)J~ 
.. ... ... '" .. .. ... 

fn1lJYllJ 'i~j;Tm~ fnllJ'l1lJ fl11lJl'i1 YlflYl1~ 

... ... , ... ... , 
~W't1IJ)J U'i'itJlnlfl 61YlVltJ j;T)J'Y'fYiti £1)J £1)J 

..... 
(0C) (mmHg) (W/m1 1lJYI 11£11 (%) (m/sec) (6~fl1) 

19li.fl.2550 09.00-15.00 'U. 28.0 750.0 247.4 70.4 4.3 102.2 

19li.fl . 2550 15.00-21.00 'U. 27.3 749.1 53.4 72.0 4.0 87.2 

19-20 li .fl. 2550 21.00-03.00 'U . 26.5 749.9 0.0 74.5 3.2 95.6 

20 li .fl . 2550 03.00-09.00 'U. 25.8 749.7 62.9 79.9 2.1 108.8 

20 li .fl . 2550 09.00-15.00 'U. 28.1 750.6 319.8 67.7 3.4 92.8 

20 li . fl . 2550 15.00-21.00 'U . 27.1 750.2 59.0 73.0 3.2 92.8 

, "" " , 
Vl11Hn -3-5 .u'tllJClt)1li1t1lJl'V1t11-WlJ~1m~tI~ltJ 3 i111J~ -wlJ'Vifff1fniill.f1tl1111l111W ~~111~Cl'~'\JCll 

IU 4JI" tJ 

~~ijtJlJ1Y1tJl~lJ~11U~tJ'i1tJ 3 ~11lJ~ 
.. ... ... .. .. .. .. 

fnl)JYllJ 'Hj;TYl1~ fl11lJ'l1lJ fl11)J1'i1 YlflYlH 

... ... , ... ... , 
~W't1IJ)J 'lJntJlnlfl 61YlVltJ j;T)J'Y'fYiti £1)J £1)J . .... .. ( 0C) (mmHg) (W/m1 (%) (m/sec) (Mfll) 1lJYI 11£11 

17li.fl . 2550 21 .00-00.00 'U. 25.6 748.0 0.0 84.2 1.4 86.3 

18 li .fl. 2550 00.00-03.00 'U. 25.4 747.2 0.0 85.3 1.2 116.3 

18 li .fl . 2550 03.00-06.00 'U . 25.3 746.7 0.0 86.2 1.0 112.5 

18li.fl.2550 06.00-09.00 'U. 26.1 747.8 173.5 83.7 1.0 157.5 

18 li . fl . 2550 09.00-12.00 'U. 26.7 748.5 401 .7 81.3 1.6 228.8 

18 li .fl. 2550 12.oo-15.00 ·'U . 28.8 746.6 675.5 71.5 2.7 177.2 

18 li.fl. 2550 15.00- 18.00 'U. 27.5 745.9 242.8 77.2 2.5 144.4 

18 li .fl . 2550 18.00-21.00 'U. 26.4 747.0 0.3 82.5 2.0 140.6 

18li .fl . 2550 21.00-00.00 'U. 25.8 747.7 0.0 84.8 1.9 165.0 

19li .fl . 2550 00.00-03.00 'U . 25.8 747.0 0.0 84.2 1.7 140.6 

19 li . fl . 2550 03.00-06.00 'U. 25.9 746.4 0.0 82.6 1.7 288.8 

19 li .fl . 2550 06.00-09.00 'U . 26.1 747.7 124.9 83 .0 1.1 170.6 

19 li .fl . 2550 09.00-12.00 'U . 27.5 748.5 295.8 75.9 1.7 140.6 

19 li .fl . 2550 12.00-15.00 'U . 27.8 746.9 367.3 73 .0 2.1 234.4 

19 li .fl . 2550 15.00-18.00 'U. 27.2 746.2 167.3 76.3 1.9 150.0 
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• "1 I '" 

Vll'Hrn ~-5 oU'mJ'HJ~i1t1lJl'Y1t11-WlJ~hm ~{J'ntl 3 i'11lJ~ -WlJ~fffnlliillflUln~ 'hmi ~~111fl 
'V •• u ,. 

ff~'UCll (i'lJ'UlJ) (~U) 

w 

r~iT~l~ tl11).JcVU fl11).J1~1 ntlYll~ 

flW'I'I.lJil 
~ J Q.I U J 

tl1Yl~tI tT)J'WYlti 

ruYi 11al ( 0 C) (mmHg) (W/m) (%) (m/sec) (8-31'11) 

191i.fl.2550 18.00-2I.oo'U. 26.4 747.4 0.0 78.0 1.8 135.0 

19 1i. fl. 2550 21.00-00.00 'U. 26.2 748.0 0.0 76.8 1.8 114.4 

20 1i .fl. 2550 00.00-03.00 'U. 25.6 747.0 0.0 82.0 1.1 191.3 

20 1i.fl. 2550 03.00-06.00 'U. 25.2 746.5 0.0 84.2 1.0 125.6 

20 1i.fl. 2550 06.00-09.00 'U. 25.4 748.1 148.5 83.7 1.0 181.9 

20 1i .fl . 2550 09.00-12.00 'U. 27.7 748.9 443.3 71.3 1.7 91.9 

20 1i .fl. 2550 12.00-15.00 'U. 27.8 747.7 338.1 72.4 1.4 84.4 

20 1i.fl. 2550 15.00-18.00 'U. 27.3 746.9 164.8 74.7 1.5 112.5 

20 1i .fl. 2550 18.00-21.00 'U. 26.1 748.7 0.0 81.3 1.2 215.6 

I '" I "1 

Vl111~ii ~-6 oU'um\U~i1t1lJl'Y1t11-WlJ~1111~tI'jltl 6 i'11lJ~ -WlJ~fffllllVllfltJl1lfl il1ui ~~111flff~'UCll 
cu ." u ,. 

(i'lJ'UlJ) 

fl~iltl)J1Y1t1l..i'U~hI1l~tI'lltl 6 i11)J.:J 
w 

v v .. '" fl11)JVI'U 'l ·mm.:J fl11)J'II'U .. .. , v v , 
" .. 

flW'I'I.IJ)J U'l '1 til 011'1 tl1Yl~tI tT)J'WYlti fl11)JI'll'a)J Y1f1Y1Ha)J . 
v .. ( DC) (mmHg) (W/m) (%) (mlsec) (tl.:J 1'1 1) 1'UYI na1 

17-181i.fl.2550 21.00-03.00 'U. 25.5 747.6 0.0 84.8 1.3 101 .3 

18 1i .fl . 2550 03.00-09.00 'U . 25.7 747.3 86.8 84.9 1.0 135.0 

18 1i .fl . 2550 09.00-15.00 'U. 28.1 747.2 584.2 74.7 2.2 203.8 

181i .fl . 2550 15.00-21 .00 'U. 27.0 746.5 121.5 79.8 2.2 142.5 

18-19 1i. fl. 2550 21.00-03 .00 'U . 25.8 747.4 0.0 84.5 1.8 152.8 

19 1i .fl . 2550 03.00-09.00 'U. 26.0 747.1 62.5 82.8 1.4 229.7 

19 1i . fl. 2550 09.00-15.00 'U. 27.7 747.7 331.6 74.5 1.9 187.5 

19 1i.fl. 2550 15.00-21.00 'U. 26.8 746.8 83.7 77.1 1.8 142.5 

19-20 1i.fl. 2550 21.00-03.00 'U. 25.9 747.5 0.0 79.4 1.5 152.8 

20 1i.fl. 2550 03.00-09.00 'U. 25.3 747.3 74.3 83 .9 1.0 153.8 

20 1i .fl. 2550 09.00-15.00 'U. 27.8 748.3 390.7 71.9 1.5 88.1 

20 1i .fl . 2550 15.00-21.00 'U. 26.7 747.8 82.4 78.0 1.4 164.1 



t ",." , 

m1Hn -l-7 .uVl.J~~~ij[JlJ1'YltJ1YilJ~ 'm"l~[J·n[J 3 i11lJ~ YilJlifYmll1'\J~'jl'lfl'Yll 
" 

f)1~!'Yl'VnJ'I11lJfI'j (ilJrll~) 

. 
u .. 
lUYI 

18 n,vt 2551 

19 n:rl. 2551 

19 n.Vf . 2551 

19 n.Vf. 2551 

19 n .Vf. 2551 

19 n .Vf . 2551 

19 n.Vf. 2551 

19 n .Vf . 2551 

19 n .Vf . 2551 

20 n .Vf . 2551 

20 n.Vf . 2551 

20 n.Vf. 2551 

20 n.Vf . 2551 

20 n.Vf. 2551 

20 n.Vf. 2551 

20 n .Vf . 2551 

20 n.Vf. 2551 

21 n .Vf . 2551 

21 n.Vf.2551 

21 n.Vf.2551 

21 n .Vf . 2551 

21 n .Vf . 2551 

21 n.Vf.2551 

21 n .Vf . 2551 

21,00-00.00 'U. 

00.00-03.00 'U . 

03.00-06.00 'U. 

06.00-09.00 'U. 

09.00-12.00 'U . 

12.00-15.00 'U. 

15.00-18.00 'U. 

18.00-21.00 'U . 

21.00-00.00 'U. 

00.00-03.00 'U . 

03.00-06.00 'U. 

06.00-09.00 'U . 

09.00-12.00 'U . 

12.00-15.00 'U . 

15.00-18.00 'U . 

18.00-21.00 'U. 

21 .00-00.00 'U . 

00.00-03.00 'U. 

03.00-06.00 'U . 

06.00-09.00 'U. 

09.00-12.00 'U. 

12.00-15.00 'U . 

15.00-18.00 'U. 

18.00-21.00 'U. 

fl11tl~U 

~W't1.fJij tJ1'nJ10lfl 

( oC) (mmHg) 

28.1 757.8 

27.0 757.3 

25.9 757.4 

24.9 758.8 

27.0 759.8 

29.7 757.7 

30.7 756.3 

29.4 757.4 

27.9 758.5 

26.6 757.9 

24.3 757.9 

23.5 759.2 

25 .9 759.9 

29.2 757.5 

29.9 755.9 

27.9 757.2 

26.4 758.3 

25.3 757.7 

23.5 757.2 

22.7 758.6 

25.9 759.3 

29.4 756.9 

30.4 755.0 

28.1 756.0 

.. , 
f)lYl~tJ 

(W/m1 

0.0 

0.0 

0.0 

146.8 

747.5 

858.6 

349.9 

2.0 

0.0 

0.0 

0.0 

145.7 

765.3 

898.8 

317.3 

1.7 

0.0 

0.0 

0.0 

162.8 

781.2 

882.4 

337.5 

1.3 

.. ... 
fl11tll1U 

(%) 

72.6 

75.7 

58.1 

59.7 

52.8 

45.7 

43.5 

47.9 

53.1 

53.5 

57.3 

57.4 

50.2 

43.3 

43.2 

49.5 

55.3 

58.6 

55.3 

58.0 

49.2 

40.3 

38.0 

46.9 

137 

(m/sec) (f)~fll) 

0.6 176.3 

0.8 88.1 

1.8 78.8 

2.6 78.8 

3.2 78.8 

2.7 73.1 

2.1 75.0 

1.6 56.3 

1.2 45.0 

1.6 76.9 

1.9 71.3 

3.1 78.8 

3.3 69.4 

2.5 73.1 

1.8 71.3 

1.3 112.5 

0.7 247.5 

0.7 159.4 

2.0 67.5 

1.3 56.3 

1.2 65.6 

1.7 48.8 

2.0 174.4 

0.9 226.9 



t "'"" , 

Vll'H:.tn -3-8 ,j'tllq!n~1JiJtJlJl'YltJl-W'UH1m ~fJ'ntJ 6 -M11lJ-:.t -W'U-nfttlllll'IJ1l'Jl'lft'Yll 

" tl~~1'Yl~lJl11'Um (i''U~l~) 

18-19 n :yt 2551 

19 n.'Yf. 2551 

19 n .'Yf . 2551 

19 n.'Yf. 2551 

19-20 n.'Yf . 2551 

20 n.'Yf . 2551 

20 n.'Yf . 2551 

20 n.'Yf . 2551 

20-21 n .'Yf . 2551 

21 n .'Yf . 2551 

21 n .'Yf . 2551 

21 n.'Yf. 2551 

fl11~~U 

~W'HlJil m1fJlfllft 

mn ( 0c) (mmHg) 

21.00-03 .00 'U. 27.6 757.6 

03.00-09.00 'U . 25.4 758.1 

09.00-15.00 'U . 28.3 758.8 

15.00-21.00 'U . 30.1 756.9 

21.00-03.00 'U. 27.3 758.2 

03.00-09.00 'U. 23.9 758.5 

09.00-15.00 'U. 27.5 758.7 

15.00-21.00 'U . 28.9 756.5 

21 .00-03.00 'U . 25.9 758.0 

03 .00-09.00 'U. 23.1 757.9 

09.00-15.00 'U. 27.7 758.1 

15.00-21.00'U. 29.2 755.5 

'" , 
f)lY1~fJ 

(W/m1 

0.0 

73.4 

803.0 

176.0 

0.0 

72.8 

832.0 

159.5 

0.0 

81.4 

831 .8 

169.4 

I """ , 

(%) 

74.1 

58.9 

49.3 

45.7 

53 .3 

57.4 

46.8 

46.3 

56.9 

56.7 

44.7 

42.4 

138 

(m/sec) (Mft1) 

0.7 132.2 

2.2 78.8 

3.0 75.9 

1.9 65.6 

1.4 60.9 

2.5 75.0 

2.9 71.3 

1.6 91.9 

0.7 203.4 

1.7 61.9 

1.5 57.2 

1.5 200.6 

Vll'iHn -3-9 ,j'tlmltl~iJtJlJl'YltJl-W'UH1m~tJ'jltJ 3 -M11lJ~ -w'U-nftmJl1'IJ~'jl'lft'Yll m~l'Yl~lJl1l'Uf1'j 
<u q; q; q; 

~~ilfJ~lY1fJl..iUFhI1l~fJ11fJ 3 ,r11~.:J 
.. .... .... .. ... " fl11~~U '.i'ltTm'l tn1~"U fl11~1'.i1 

~W'HlJij '" 
, .... .... , 

'" m1fJlfllft f)lY1~fJ tT~'YiYlti a~ YlftYlHa~ 

...... 
(oC) (mmHg) 1UYI na1 (W/m1 (%) (m/sec) (f)'1ft1) 

18 n.'Yf. 2551 21.00-00.00 U. 27.0 749.1 0.0 73.1 1.3 153.8 

19 n .'Yf . 2551 00.00-03.00 'U. 25.8 748.5 0.0 76.3 1.5 78.8 

19 n .'Yf . 2551 03 .00-06.00 'U. 24.9 748.4 0.0 57.3 5.1 71.3 

19 n .'Yf . 2551 06.00-09.00 'U. 23.7 749.8 150.0 60.3 5.7 67.5 

19 n .'Yf. 2551 09.00-12.00 'U . 25.6 751.0 733 .6 53.4 5.8 58.1 

19 n:Yt 2551 12.00-15.00 'U . 27.7 749.1 714.2 47.6 5.4 67.5 

19 n .'Yf . 2551 15.00-18.00 'U . 29.1 747.8 338.7 44.4 3.9 52.5 

19 n .'Yf. 2551 18.00-21 .00 'U . 28.1 748.7 2.4 48.4 3.8 142.5 

19 n .'Yf . 2551 21 .00-00.00 'U . 26.8 749.7 0.0 52.5 2.7 63.8 
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I "",,,, , 

~l'n:.ln -:.1-9 ,jtllJfttllPliJ[JlJl'Y\[JlYh.J~hm~[J':il[J 3 ililJ-:.I YilJViffflfl1!OUIPl':il 'tH'Yll .. .. .. 
flHt'Yl'VllJ'HllJm (ilJflftl-:.l) (~tl) . 

~~ilmlj'YItll~'U~htil~rJ'ntJ 3 ~11lJ.:.J 
.... .... <t .; 

" fI'lllJYI'U 'l.:.Jt1WH fI'lllJ~'U fI'lllJl'l1 

'" '" j ., .... j '" ~W111JlJ 1J'j'ltllOlI'l 61'Y1Y1tJ tTlJ'Vl'YIfi alJ 'YI1'I'YI1.:.JalJ 

.... <t ( 0c) (mmHg) 1'U'YI na1 (W/m) (%) (mlsec) (t>.:.J 1'1 1) 

20 fl :Vlo 2551 00.00-03.00 'U. 25.6 749.2 0.0 52.7 4.4 45.0 

20 fl .'YI . 2551 03.00-06.00 'U . 23.0 748.9 0.0 58.1 5.0 69.4 

20 fl.'YI . 2551 06.00-09.00 'U. 22.1 750.1 143.9 58.3 6.9 65.6 

20 n .'YI . 2551 09.00-12.00 'U. 24.6 751.1 761.3 50.7 4.9 52.5 

20 n .'YI . 2551 12.00-15.00 'U. 27.4 748.9 739.5 44.6 4.1 50.6 

20 fl .'YI . 2551 15.00-18.00 'U . 28.3 747.3 325.3 44.1 3.4 165.0 

20 fl :Vi . 2551 18.00-21 .00 'U. 26.6 748.4 2.0 50.0 3.5 315.0 

20 n .'YI . 2551 21 .00-00.00 'U . 25.6 749.5 0.0 54.5 0.5 294.4 

21 n .'YI . 2551 00.00-03.00 'U. 24.5 748.8 0.0 55.4 1.8 91.9 

21 n .'YI . 2551 03.00-06.00 'U. 22.2 748.2 0.0 55.8 4.2 67.5 

21 fl.'YI . 2551 06.00-09.00 'U. 21.6 749.6 157.0 58.4 2.0 50.6 

21 n .'YI . 2551 09.00-12.00 'U. 25.3 750.6 766.8 48.2 1.3 183.8 

21 n .'YI . 2551 12.00-15.00 'U. 27.9 748.3 722.8 40.6 2.2 247.5 

21 n.'YI . 2551 15.00-18.00 'U . 28.8 746.5 353.8 38.8 4.2 292.5 

21 n.'YI . 2551 18.00-21 .00 'U. 27.1 747.3 2.3 46.2 1.9 281 .3 

, "", "" 
m'lNn -:.1-10 ,jtllJfttllPliJ[JlJl'Yl[J1YilJHlm~[J':il[J 6 ilim YilJVifffllJl!OUml"lH'Yll flHt'Yl'VllJ'HllJm 

qJ q q q .. 
(ilJflftl-:.l) 

'" j 
l.n'ltllOlI'l 61'Y1Y1tJ 

(mmHg) (W/m) 
.... <t 
1'U'YI (%) (m/sec) (6'11'11) 

18-19 fl .'YI . 2551 21.00-03.00 'U . 26.4 748.8 0.0 74.7 1.4 116.3 

19 fl.'YI . 2551 03.00-09.00 'U . 24.3 749.1 75.0 58.8 5.4 69.4 

19 n .'YI . 2551 09.00-15.00 'U . 26.6 750.1 723.9 50.5 5.6 62.8 

19 fl .'YI . 2551 15.00-21.00 'U . 28.6 748.2 170.5 46.4 3.8 97.5 

19-20 fl .'YI . 2551 21.00-03.00 'U . 26.2 749.5 0.0 52.6 3.6 54.4 

20 n .'YI . 2551 03 .00-09.00 'U . 22.6 749.5 72.0 58.2 6.0 67.5 



I " , , ", 

V11'nrn -!i-IO ,j'mJ{l~~ijVlJl'YlV1Yiu~lm~r,.:mJ 6 i'l llJ~ YiuYiffm:Jll'\J~~1 'lH'Yl1 
" f)Hl'Yl~lJ'l11Um (i'Uf)m~) (~fl) • 

. .., .. 
1'UYI 

20 n.YI . 2551 

20 n.YI . 2551 

20-21 n.v!. 2551 

21 n .YI . 2551 

21 n .'rt 2551 

21 n .YI . 2551 

~tu'H.fJii 1.n'.irnmft 

(oC) (mmHg) 

09.00-15.00 'U . 26.0 750.0 

15.00-21.00 'U. 27.4 747.9 

21.00-03.00 U. 25.0 749.1 

03 .00-09.00 'U. 21.9 748.9 

09.00-15.00 'U . 26.6 749.5 

15.00-21.00'U. 27.9 746.9 

.. I 
81Yl~tI 

(W/m) 

750.4 

163.7 

0.0 

78.5 

744.8 

178.0 

, " , , ", 

(%) 

47.6 

47.0 

55.0 

57.1 

44.4 

42.5 
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(m/sec) (tH ft 1) 

4.5 51.6 

3.4 240.0 

l.l 193.1 

3.1 59.1 

1.8 215.6 

3.1 286.9 

V1T'lHn -!i-ll ,j'fllJ{lfl~ijVlJl'YlV1Yiu~lm~v'nV 3 i'l llJ~ YiuYiffmnl'\J~~1'b't'Yl1 f)Hl'Yl~lJmUm cu q II II 

" (i'U1JU) 

~~iimJiYltll'~'UFblU~tI'.iltl 3 ~1 hJ~ 
.., .., .. .; 

" fnnJ~'U 'H"'m~ fnUJ'II'U fnllUn 

~tu'H.fJii 
.. I .., .... I ... 

1.n'.irnmft tnYl~tI "'l.!YiYlfi ill.! YlftYlHillJ . .., .. 
( °C) (mmHg) 1'UYI nill (W/m2) (%) (m/sec) (8~ftl) 

18 n.YI. 2551 21.00-00.00 'U. 25.9 735.3 0.0 76.3 2.2 166.9 

19 n.YI . 2551 00.00-03.00 'U . 25.0 734.6 0.0 80.2 0.6 187.5 

19 n .YI . 2551 03 .00-06.00 'U. 23 .8 734.4 0.0 59.9 2.1 208.1 

19 n.YI . 2551 06.00-09.00 'U . 22.8 735.8 118.5 62.9 2.1 228.8 

19 n .YI. 2551 09.00-12.00 'U . 24.3 737.0 508.4 59.8 2.4 75.0 

19 n.YI . 2551 12.00-15.00 'U . 26.5 735.2 787.4 52.9 2.6 86.3 

19 n.YI. 2551 15.00-18.00 'U. 27.9 734.0 317.8 48.8 1.3 108.8 

19 n .YI . 2551 18.00-21.00 'U. 26.7 734.8 2.0 53.5 1.4 108.8 

19 n .YI . 2551 21 .00-00.00 'U . 25.5 735.8 0.0 55.5 2.4 48.8 

20 n.YI . 2551 00.00-03.00 'U . 24.3 735.2 0.0 54.1 1.6 204.4 

20 n.YI . 2551 03.00-06.00 'U . 22.0 734.9 0.0 61.3 2.2 206.3 

20 n.YI . 2551 06.00-09.00 'U. 21.1 736.0 131.0 61.3 3.0 151 .9 

20 n.YI . 2551 09.00-12.00 'U . 23.4 737.0 502.3 56.2 2.0 90.0 

20 n.YI . 2551 12.00-15.00 'U. 26.2 735.1 816.1 49.0 2.1 58.1 

20 n.YI . 2551 15.00-1 8.00 'U . 27.3 733.5 316.4 47.3 2.1 125.6 
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I "1 I ", 

Y11'Hrn .:1-11 .,j'tJlJ"tJ<;jDUlJil'lUl~'U~bm~U';ilU 3 il 'bJ.:I ~'Ul1ffml1l'Uml'IHl'I1 ... .. 
" 

f1~ .:Ill'I'VilJ'I11'Um (i'U'U'U) (~tJ) 

fl~-n[J"{lYl£Jl~\.Aihl~~[J'll[J 3 ~1 h.1-3 . .... .., .. '" fl11lJVl\.A 'l.:JffVll.:J fl11lJ'II\.A .. .. , .., v , 
" .. 

flW't1lJlJ tn'l£JlOlfl fl1Y1V1[J fflJ 'Vi YI ti fll1lJI'nalJ Y1flYlHalJ 

.., .. 
( °e) (mmHg) (W/m1 (%) (m/sec) (fl.:J fl 1) l\.AYI na1 

20 n.'Vi. 2551 18.00-21.00 'U. 26.0 734.5 2.0 50.2 2.4 88.1 

20 n .'rt . 2551 21.00-00.00 'U. 24.7 735.5 0.0 54.6 1.7 91.9 

21 n .'rt . 2551 00.00-03.00 'U. 23.4 734.8 0.0 55.2 1.4 148.1 

21 n .'rt . 2551 03.00-06.00 'U. 21.1 734.2 0.0 60.6 2.1 180.0 

21 n .'rt.2551 06.00-09.00 'U. 20.7 735.5 122.2 61.5 1.4 157.5 

21 n .'rt.2551 09.00-12.00 'U. 23 .7 736.4 492.5 52.4 l.l 50.6 

21 n .'rt . 2551 12.00-15.00 'U. 26.5 734.5 794.8 44.6 1.9 46.9 

21 n.'rt.2551 15.00-18.00 'U. 27.9 732.7 322.2 40.5 3.3 331.9 

21 n .'rt . 2551 18.00-21.00 'U. 26.3 733.4 0.4 44.2 2.6 151 .9 

I " , I ", I 

Y1l'1un .:1-12 .,j'mJ"tJ<;jijUlJil'lUl~'U;hm~U';ilU 6 il llJ~ Yi'Ul1fff1l:l11'U<;j';il'lfll'l1 f1Hll'l'VilJmlJm 
" 1ft.. .. 

" 
(i'U'U'U) 

fl~-n[JlJ1Yl£Jl~\.Aihl~~[J·n[J 6 ~11lJ.:J . .... ...... '" " fll1lJVl\.A 'l.:JffVll.:J fl11lJ'II\.A fl11lJl'jl 

.. .. , .., .... , .. 
flW't1lJlJ 'U'j'j£JlO1fl fllYlVl[J fflJ'Y'lYlti alJ Y1flYl1.:JalJ . .., .. 

(0C) (mmHg) (W/m1 (%) (m/sec) (fl.:J fl 1) l'UYI nal 

18-19 n .'rt . 2551 21.00-03.00 'U. 25.4 735.0 0.0 78.3 1.4 177.2 

19 n.'rt . 2551 03.00-09.00 'U. 23 .3 735.1 59.3 61.4 2.1 218.4 

19 n .'rt . 2551 09.00-15.00 'U . 25.4 736.1 647.9 56.4 2.5 80.6 

19 n.'rt . 2551 15.00-21.00 'U. 27 .3 734.4 159.9 51.1 1.4 108.8 

19-20 n.'rt.2551 21.00-03.00 'U. 24 .9 735.5 0.0 54.8 2.0 126.6 

20 n .'rt . 2551 03.00-09.00 'U . 21.6 735.4 65.5 61.3 2.6 179.1 

20 n .'rt . 2551 09.00-15.00 'U . 24.8 736.1 659.2 52.6 2.0 74.1 

20 n .'rt . 2551 15.00-21.00 'U . 26.7 734.0 159.2 48.7 2.3 106.9 

20-21 n .'rt. 2551 21.00-03.00 'U. 24.0 735.2 0.0 54.9 1.5 120.0 

21 n .'rt . 2551 03.00-09.00 'U . 20.9 734.8 61.1 61.0 1.7 168.8 

21 n .'rt . 2551 09.00-15.00 'U . 25 .1 735.4 643 .7 48 .5 1.5 48.8 

21 n.'rt . 2551 15.00-21.00 'U. 27.1 733.0 161.3 42.3 3.0 241 .9 
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, " I , ", 

g}l'n-3n -3-13 ,j'tll.J(l~~iJtJlJ1'YlV1YItJ~ 'HQ ~tJ'j ltJ 3 -i'1ilJ-3 YItJ'Vifftllnihl1HllJJV-3 ~-3ll')~ 
" l;tJ-3'l1~ (-i'tJril-3) 

fl~.rnfJ)J1Y1tJl~uN"Jln~fJ·mJ 3 ~11)J~ 
.. 

'" "' .. ... .. 
fl11)JVi'U 1~i;Tm~ fl11)J1I'U fl11)J111 .. .. , 

'" '" 
, .. 

flW'YUJ)J 'U11tJlOlft 81Y1VifJ i;T).IViYl1i a)J YlftYl1~a)J 
, 

'" .. 1UYI 11"1 ( 0c) (mmHg) (W/m) (%) (m/sec) (Mft1) 

25 n. 'Vi. 2551 21 .00-00.00 'U . 26.0 729.7 0.0 44.2 0.3 105.8 

26 n .'Yf . 2551 00.00-03.00 'U. 23.2 729.9 0.0 49.5 0.0 168.8 

26 n .'Yf . 2551 03.00-06.00 'U . 20.6 730.4 0.0 53.8 0.1 247.5 

26 n.'Yf. 2551 06.00-09.00 'U . 20.3 732.3 145.5 56.1 0.4 217.5 

26 n .'Yf . 2551 09.00-12.00 'U. 26.6 733.0 754.7 39.8 0.3 219.4 

26 n .'Yf. 2551 12.00-15.00 'U. 32.4 730.4 915.9 25.1 1.0 116.3 

26 n .'Yf. 2551 15.00-18.00 'U . 34.2 728.5 348.7 20.4 1.1 121.9 

26 n .'Yf . 2551 18.00-21.00 'U. 29.8 729.4 2.8 33 .8 0.4 275.6 

26 n.'Yf . 2551 21.00-00.00 'U. 25.9 730.7 0.0 40.8 0.1 204.4 

27 n .'Yf . 2551 00.00-03.00 'U. 23.2 731 .1 0.0 45.8 0.3 226.9 

27 n.'Yf . 2551 03.00-06.00 'U . 21.5 731 .6 0.0 52.3 0.4 260.6 

27 n.'Yf. 2551 06.00-09.00 'U . 21.0 733 .1 92.3 53 .2 0.5 286.9 

27 n.'Yf. 2551 09.00-12.00 'U. 26.3 733.8 554.4 42.9 0.6 230.6 

27 n.'Yf . 2551 12.00-15.00 'U. 31.3 731 .3 754.9 42.4 1.2 95.6 

27 n .'Yf . 2551 15.00-18.00 'U . 27.1 731 .3 136.8 58.6 3.2 75.0 

27 n .'Yf . 2551 18.00-21.00 'U . 25.0 732.7 2.7 64.0 1.4 80.6 

27 n.'Yf . 2551 21.00-00.00 'U. 23.9 733 .8 0.0 68.9 0.6 69.4 

28 n.'Yf . 2551 00.00-03.00 'U. 22.9 733.2 0.0 72.1 0.4 69.4 

28 n.'Yf . 2551 03.00-06.00 'U . 21.4 732.6 0.0 78.8 0.1 133.1 

28 n.'Yf . 2551 06.00-09.00 'U . 22.1 733.3 124.6 76.3 0.1 215.6 

28 n .'Yf.2551 09.00-12.00 'U. 26.4 733.4 694.7 58.2 0.6 131.3 

28 n.'Yf . 2551 12.00-15.00 'U . 29.6 730.5 841.5 48.3 1.3 105.0 

28 n .'Yf . 2551 15.00-18.00 'U. 31.2 728.1 312.5 44.2 1.5 116.3 

28 n.'Yf.2551 \8.00-21.00 'U . 27.4 729.7 4.7 57.3 1.7 101 .3 



, " , , ", 
g)l'n-3n -3-14 ,j'Ulq!~~~iJVlJ1'YlV1v.hI~1m~V~lV 6 i11lJ'l v.hlYiffflln ~hflUliiu'l ')'l 'Wlf1 

.. 
l;V'lhlli (ihlcil'l) 

. 
v .. 
l'U'YI 

25-26 n.'Vl. 2551 

26 n .yi. 2551 

26 n.Yl. 2551 

26 n.Yl. 2551 

26-27 n.Yl. 2551 

27 n.Yl . 2551 

27 n.Yl . 2551 

27 n.Yl. 2551 

27-28 n.Yl . 2551 

28 n.n 2551 

28 n.Yl. 2551 

28 n.Yl. 2551 

21.00-03.00 'U. 

03.00-09.00 'U. 

09.00-15.00 'U. 

15.00-21.00 'U. 

2 1.00-03.00 'U. 

03.00-09.00 'U. 

09.00-15.00 'U . 

15.00-21.00 'U. 

2 1.00-03.00 'U. 

03.00-09.00 'U . 

09.00-15.00 'U . 

15.00-21.00 'U. 

(mmHg) (W/m) 

24.6 729.8 0.0 

20.4 731.3 72.8 

29.5 731.7 835.3 

32.0 729.0 175.7 

24.5 730.9 0.0 

21.2 732.3 46.1 

28.8 732.6 654.7 

26.0 732.0 69.8 

23.4 733.5 0.0 

21.8 732.9 62.3 

28.0 732.0 768.1 

29.3 728.9 158.6 

, " . , ", 

.. 
'" fnl2J'II'U 

(%) 

46.8 

55.0 

32.4 

27.1 

43 .3 

52.7 

42.7 

61.3 

70.5 

77.5 

53.3 

50.7 

" fll12J1'n 

(m/sec) 

0.1 

0.2 

0.6 

0.7 

0.2 

0.4 

0.9 

2.3 

0.5 

0.1 

1.0 

1.6 

143 

(O.,'JtH) 

140.1 

232.5 

167.8 

198.8 

215.6 

273.8 

163.1 

77.8 

69.4 

174.4 

118.1 

108.8 

m~Hn -3-1 5 ,j'UlJ~U\PIiJVlJ1'YlVlv.hI~1m~V~lV 3 i11lJ'l TIhlYifffnm)llflUliiU'l ')'l"1"lf1l;V'l i mj 

. 
v .. 
l'U'YI 

25 n.Yl. 2551 

26 n.Yl . 2551 

26 n.Yl. 2551 

26 n.Yl. 2551 

26 n. Yl. 255 I 

26 n.Yl. 2551 

26 n.Yl. 2551 

26 n.Yl . 2551 

26 n.Yl . 2551 

.. . . .. 
(ihlf)~l'l) 

21 .00-00.00 'U. 

00.00-03.00 'U. 

03.00-06.00 'U. 

06.00-09.00 'U. 

09.00-12.00 'U. 

12.00-15.00 'U. 

15.00-18.00 'U. 

18.00-21.00 'U . 

21 .00-00.00 'U. 

fnl2J~'U 

~ om.IJil 1.11 ~ til nlfl 

(oC) (mmHg) 

26.0 727.0 

23.0 727.1 

20.2 727.6 

19.9 729.5 

26.2 730.5 

32.0 728.1 

34.2 726.3 

30.3 726.9 

25.6 728.2 

.. , 
tll'YIVltl 

(W/m) 

0.0 

0.0 

0.0 

128.9 

704.8 

854.9 

373.0 

2.9 

0.0 

.. 
'" fnl2J'II'U 

(%) 

42.8 

49.3 

53 .5 

56.5 

40.0 

26.0 

20.5 

28.4 

39.6 

(m/sec) (Mfll) 

0.8 103.1 

0.7 170.6 

0.7 247.5 

0.8 221.3 

0.4 165.0 

1.0 153.8 

0.8 174.4 

0.5 234.4 

1.1 251 .3 
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I " I I "1 

VI11Nn .:.1-15 ,j'mHH)~ijv'lJi'YlVl~'U~bm~tI'nv 3 ~11'lJ.:J ~'U.yjffnEll~ltf1t1tljfl.:J ~.:Jl'rJ~ 
<u 0 0 

" t;v.:JhnJ (~'Umn.:J) (~fl) 

fl1Ulvl'l.! 

tJW'I'IIJi1 'lJ"j'Wlnlfl 
.. J 

61Yl\ll[J 

rHn (oC) (mmHg) (W/ml (%) (m/sec) (Mfll) 

27 n .'Vl . 2551 00.00-03.00 'U . 22.8 728.4 0.0 44.9 0.8 301 .9 

27 n .'Vl . 2551 03.00-06.00 'U. 21.0 728.8 0.0 51.6 0.9 262.5 

27 n .'Vl. 2551 06.00-09.00 'U. 20.6 730.4 90.0 52.2 0.8 266.3 

27 n .'Vl . 2551 09.00-12.00 'U. 26.2 731 .3 534.0 42.8 0.3 176.3 

27 n .'Vl . 2551 12.00-15.00 'U. 31.2 729.1 702.2 43.4 1.0 196.9 

27 n .'Vl . 2551 15.00-18.00 'U . 27.1 728.7 137.3 59.7 2.4 232.5 

27 n.'Vl. 2551 18.00-21.00 'U . 24.9 730.1 2.7 65.8 1.2 180.0 

27 n .'Vl . 2551 2 I .00-00.00 'U. 23 .8 731.2 0.0 71.6 0.9 159.4 

28 n .'Vl . 255 I 00.00-03.00 'U . 22.9 730.6 0.0 74.5 0.7 155.6 

28 n .'Vl . 2551 03.00-06.00 'U. 21.3 729.9 0.0 80.1 0.1 90.0 

28 n .'Vl . 2551 06.00-09.00 'U . 21.9 730.7 114.4 77.6 0.0 43.0 

28 n .'Vl . 255 I 09.00-12.00 'U. 26.2 731.1 651.4 60.4 0.7 144.4 

28 n.'Vl . 255 I 12.00-15.00 'U . 29.7 728.2 786.1 49.6 1.1 178.1 

28 n.'Vl . 2551 15.00-18.00 'U. 31 .2 725.6 307.2 45.9 1.4 146.3 

28 n .'Vl . 2551 18.00-21.00 'U . 27.2 727.1 5.1 59.8 2.0 189.4 

I " I I "1 

VI111.:.1n .:.1-16 ,j'fl'lJCW~ijV'lJi'YlV1~'U~bm~v'nv 6 ~11'lJ.:.I ~'U.yjffnEl1~ltflfltljfl.:J ~,rWJ~t;v.:Jhllj 
.. 0 0 

" (~'Umn.:J) 

fl~ilm.tjYl£Jl~'I.!fblll~[J'.Il[J 6 ~1111~ 
u u '" 

.; .. 
fl111l\ll'l.! 1~um~ fl111l'll'l.! fl111l111 .. .. J .... .... J .. 

tJW'I'IIJlI 1.J11£Jlnlfl 61Yl\ll[J UlI'VlYl Ii ~'JJ Y1flYlH~lI 

.... '" ( °C) (mmHg) (W/ml (%) (m/sec) (6~fll) 1'1.!Y1 n~l 

25-26 n .'Vl . 2551 21 .00-03.00 'U. 24.5 727.1 0.0 46.0 0.8 136.9 

26 n .'Vl . 2551 03.00-09.00 'U. 20.0 728.6 64.5 55.0 0.8 234.4 

26 n .'Vl . 2551 09.00-15.00 'U . 29.1 729.3 779.9 33 .0 0.7 159.4 

26 n .'Vl . 2551 15.00-21.00 'U . 32.3 726.6 188.0 24.5 0.7 204.4 

26-27 n .'Vl . 2551 21 .00-03.00 'U. 24.2 728.3 0.0 42 .3 1.0 276.6 

27 n .'Vl . 2551 03 .00-09.00 'U. 20.8 729.6 45.0 51.9 0.8 264.4 
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, "", "" 

Vll'Hrn '1-16 ,j'mJ(lfl\PlijtJ1J1YltJ1Yi'UH'H~~tJ'ntJ 6 <Ml l1J~ Yi'UYifffl'lJltil!fim;jfl~ rij~l11\Pl 
OJ •• .. 

!;tJ~imj (<M'Uflm~) (~fl) 

fl11lJ~'\.A 
.. 

fl11lJ111 

~w'tuJii m'W101f1 
"" , 

tl1Y1V1tJ . 
.... .co 
l'\.AYI mn (mmHg) (W/m) (%) (m/sec) (Mfl1) 

27 O.Yl.2551 09.00-15.00 '\.A . 28.7 730.2 618.1 43.1 0.7 186.6 

27 O.Yl. 2551 15.00-21.00 '\.A . 26.0 729.4 70.0 62.8 1.8 206.3 

27-28 O.Yl.2551 21 .00-03.00 'U . 23.4 730.9 0.0 73.0 0.8 157.5 

28 O.Yl . 2551 03.00-09.00 'U. 21.6 730.3 57.2 78.8 0.1 66.5 

28 O.Yl . 2551 09.00-15.00 'U . 28.0 729.6 718.8 55.0 0.9 161.3 

28 O.Yl . 2551 15.00-21.00 'U. 29.2 726.3 156.1 52.9 1.7 167.8 

1 "", ", I 

Vlnnn '1-17 ,j'fl1J(lfl\PlijtJ1J1YltJ1Yi'UHlm~tJ'jltJ 3 <Ml l1J~ Yi'UYiffflmtil!fifl!;jfl~ rij~l11\Pl!;tJ~imj 
OJ •• .. 

(<M'UlJ'U) 

"" , 
'U11m01f1 tl1Y1V1tJ 

.... .co 
l'\.AYI n"l (mmHg) (W/m) (%) (mlsec) (tl-3f11) 

25 O.Yl. 2551 21 .00-00.00 'U. 26.2 724.3 0.0 42.1 1.3 101.3 

26 O.Yl. 2551 00.00-03.00 'U. 23.1 724.5 0.0 48.1 2.1 135.0 

26 O.Yl. 2551 03.00-06.00 'U . 20.0 725.0 0.0 54.2 2.2 279.4 

26 O.Yl . 2551 06.00-09.00 'U. 19.7 726.8 154.6 56.7 2.6 226.9 

26 O.Yl. 2551 09.00-12.00 'U . 25.9 727.5 773.1 42.0 0.5 58.1 

26 O. Yl . 2551 12.00-15.00 'U . 31.7 725.1 927.4 26.9 1.5 176.3 

26 O.Yl. 2551 15.00-18.00 'U. 33.7 723.3 402.8 21.4 1.6 189.4 

26 O.Yl. 2551 18.00-21.00 'U . 30.9 724.0 3.2 27.9 0.7 228.8 

26 O.Yl. 2551 21 .00-00.00 'U. 26.0 725.4 0.0 38.2 2.5 30.0 

27 O.Yl. 2551 00.00-03.00 'U. 22.8 725.7 0.0 44.8 3.2 253.1 

27 O.Yl . 2551 03.00-06.00 '\.A. 21.0 726.1 0.0 51.8 2.1 230.6 

27 O.Yl. 2551 06.00-09.00 '\.A . 20.1 727.7 104.0 54.3 2.3 305.6 

27 O.Yl . 2551 09.00-12.00 'U . 26.1 728.3 595.3 43.0 0.3 217.5 

27 O.Yl. 2551 12.00-15.00 'U . 30.6 726.0 780.9 45.6 2.2 174.4 

27 O.Yl . 2551 15.00-18.00 'U. 26.5 725.7 155.7 62.2 4.6 155.6 
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, " I , '" 

~l'nrn -3-17 .,jmHHJ\flUtJlJ1'YltJl~lJ~hm~tJ'jltJ 3 il1m ~lJViflmnih!fHJ!jjfl-3 ~,nfl~ .. .. .. 
!;tJ~hllj (ilJ'UlJ) (~fl) 

t1~ilfJtl1't'lm~lA~bIU~fJ~lfJ 3 i'11t1-:1 

.., .., .. .; 
" fl11tl~lA ~-:ll.Ym-:l fl11tl'lllA fl11tll11 .. .. , .., .., , .. 

t1 W'I1.IJtI m~fJlOlft Vl't'l~fJ I.YtI'Y't't'lfi 'ltl 't'lft't'lH'ltl 

.., .. 
( 0c) (mmHg) 1lA't'l 11'l1 (W/m) (%) (m/sec) (tl-:l ft 1) 

27 n.'Yi . 2551 18.00-21.00 'U. 24.5 727.3 3.0 67.8 3.2 168.8 

27 n.'Yi. 2551 21 .00-00.00 'U . 23.7 728.4 0.0 71.9 0.8 127.5 

28 n.'Yi . 2551 00.00-03.00 'U. 22.8 727.9 0.0 74.7 0.6 159.4 

28 n.'Yi . 2551 03.00-06.00 'U . 21.1 727.2 0.0 81.8 0.6 120.0 

28 n.'Yi . 2551 06.00-09.00 'U. 21.6 727.9 135.0 79.8 0.2 103.1 

28 n.'Yi . 2551 09.00-12.00 'U. 25.7 728.0 719.6 61.8 1.0 193.1 

28 n.'Yi.2551 12.00-15.00 'U. 28.8 725.1 860.4 52.7 2.3 148.1 

28 n.'Yi. 2551 15.00-18.00 'U . 30.8 722.7 335.1 47.3 1.9 170.6 

28 n.'Yi.2551 18.00-21.00 'U . 27.0 724.2 5.9 60.7 2.8 150.0 

I " , I '" 

~1'.iHn -3-18 .,jfllJ"fl\flUtJlJ1'YltJ1~lJ~hm~tJ'jltJ 6 il1lJ-3 ~lJViflmniil!flfl!jjfl~ ~~'Hl\fl!;tJ~hn; .. . . .. 
(ilJ'UlJ) 

t1~ilfJtl1't'lm~lAfbIU~fJ11fJ 6 ~11t1-:1 .. .., .., .. ... " fl11tl~lA 1-:1I.Y~1-:1 fl1 1tl 'lilA fl1 1tl In .. .. , .., .., , .. 
t1 W'I1.IJtI 'U'nmOlft tl1't'l~fJ I.YtI'Y't't'lfi 'ltl 't'lft't'lH'ltl . .., .. 

1lA't'l 11'l1 ( 0c) (mmHg) (W/m) (%) (m/sec) (tl~ft1) 

25-26 n.'Yi . 2551 21 .00-03.00 'U . 24.7 724.4 0.0 45.1 1.7 118.1 

26 n.'Yi. 2551 03.00-09.00 'U . 19.8 725.9 77.3 55.4 2.4 253.1 

26 n .'Yi . 2551 09.00-15.00 'U. 28.8 726.3 850.3 34.5 1.0 117.2 

26 n.'Yi . 2551 15.00-21.00 'U. 32.3 723.7 203.0 24.7 1.1 209.1 

26-27 n.'Yi . 2551 21 .00-03.00 'U. 24.4 725.5 0.0 41.5 2.9 141.6 

27 n.'Yi . 2551 03.00-09.00 'U . 20.5 726.9 52.0 53.0 2.2 268.1 

27 n.'Yi. 2551 09.00-15.00 'U. 28.4 727.2 688.1 44.3 1.2 195.9 

27 n.'Yi . 2551 15.00-21.00 'U . 25.5 726.5 79.3 65.0 3.9 162.2 

27-28 n.'Yi. 2551 21.00-03.00 'U . 23.3 728.2 0.0 73.3 0.7 143.4 

28 n.'Yi.2551 03 .00-09.00 'U. 21.4 727.6 67.5 80.8 0.4 111 .6 

28 n.'Yi.2551 09.00-15.00 'U . 27.2 726.5 790.0 57.3 1.6 170.6 

28 n.'Yi . 2551 15.00-21.00 'U . 28.9 723.4 170.5 54.0 2.4 160.3 



illfl~l!1f) il 
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q .Q", cv • cv 

Vll'H3Y1 ~-I m'j11ml:;l1fl11lJll~n~1~'\JtJ~ TSP PM
10 

11ft:; fI'~fI'1'U'\JtJ~ PM,IfSP mm:;~Ufl11lJ,,!~ 
" . 

vhl'Yit:rmn ijlUltJl11~ il1tY ,j~l1'l~fI'~'\Jm 

Multiple Comparisons 

LSD 95% Confidence Interval 

Dependent (I) (J) Mean 

Variable height height Difference (1-1) Std. Error Sig. Lower Bound Upper Bound 

TSP 1 2 8.14167· 2.960 O.oI 2.119 14.165 

3 -4.4 2.960 0.147 -10.423 1.623 

2 I -8.14167* 2.960 0.01 -14.165 -2.119 

3 -12.54167· 2.960 0 -18.565 -6.519 

3 1 4.4 2.960 0.147 -1.623 10.423 

2 12.54167* 2.960 0 6.519 18.565 

PM ,O 1 2 1.05 3.770 0.782 -6.621 8.721 

3 -3 .6 3.770 0.347 -11.271 4.071 

2 1 -1.05 3.770 0.782 -8.721 6.621 

3 -4.65 3.770 0.226 -12.321 3.021 

3 1 3.6 3.770 0.347 -4.071 11.271 

2 4.65 3.770 0.226 -3 .021 12.321 

PM,IfSP I 2 -.20833* 0.086 0.021 -0.383 -0.034 

3 0.0225 0.086 0.795 -0.152 0.197 

2 I .20833· 0.086 0.021 0.034 0.383 

3 .23083* 0.086 0.011 0.056 0.406 

3 I -0.0225 0.086 0.795 -0.197 0.152 

2 -.23083* 0.086 0.011 -0.406 -0.056 

*. The mean difference is significant at the 0.05 level. . . . 
l11J1Vllf'l: I: i\H;'~ 2: illmlH 3: illlJll 
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... 
.a dd .dI 

'YfU 'Vl f1 fl'l:ll L'II m l 'IH m fl ~ .:j L'Vl'YUJ 'I1lU m 

Multiple Comparisons 

LSD 95% Confidence Interval 

Dependent (I) (J) Mean Lower Upper 

Variable height height Difference (I-J) Std. Error Sig. Bound Bound 

TSP I 2 12.53333 7.991 0.126 -3 .725 28.791 

3 28.03333· 7.991 0.001 11.775 44.291 

2 1 -12.53333 7.991 0.126 -28.791 3.725 

3 15.5 7.991 0.061 -0.758 31.758 

3 1 -28.03333· 7.991 0.001 -44.291 -11.775 

2 -15.5 7.991 0.061 -31.758 0.758 

PM 10 I 2 5.63333 6.505 0.393 -7.602 18.868 

3 8.89167 6.505 0.181 -4.343 22.127 

2 I -5.63333 6.505 0.393 -18.868 7.602 

3 3.25833 6.505 0.620 -9.977 16.493 

3 I -8.89167 6.505 0.181 -22.127 4.343 

2 -3.25833 6.505 0.620 -16.493 9.977 

PM1/fSP I 2 -0.03667 0.040 0.362 -0.117 0.044 

3 -.12917· 0.040 0.003 -0.210 -0.049 

2 I 0.03667 0.040 0.362 -0.044 0.117 

3 -.09250· 0.040 0.026 -0.173 -0.012 

3 I .12917· 0.040 0.003 0.049 0.210 

2 .09250· 0.040 0.026 0.012 0.173 

•. The mean difference is significant at the 0.05 level. . . . 
'I11JltJl'l1~ : 1: i"UaH 2: i"U01lH 3: i"UlJ"U 
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,. . 
Yi\Jliffmniil1fltl1;jtJ~ ~~111~1l;U~ hnj 

Multiple Comparisons 

LSD 95% Confidence Interval 

Dependent (I) (J) Mean Lower Upper 

Variable height height Difference (I-J) Std. Error Sig. Bound Bound 

TSP 1 2 -7.28182 8.597 0.404 -24.840 10.276 

3 14.35455 8.597 0.105 -3 .204 31.913 

2 1 7.28182 8.597 0.404 -10.276 24.840 

3 21.63636* 8.597 0.017 4.078 39.195 

3 1 -14.35455 8.597 0.105 -31.913 3.204 .. -
2 -21.63636* 8.597 0.017 -39.195 -4.078 

PM 10 1 2 -14.94545 10.976 0.183 -37.361 7.470 

3 1.08182 10.976 0.922 -21.334 23.498 

2 1 14.94545 10.976 0.183 -7.470 37.361 

3 16.02727 10.976 0.155 -6.388 38.443 

3 I -1.08182 10.976 0.922 -23.498 21 .334 

2 -16.02727 10.976 0.155 -38.443 6.388 

PM1/fSP I 2 -0.07636 0.051 0.143 -0.180 0.027 

3 -.13727* 0.051 0.011 -0.241 -0.034 

2 I 0.07636 0.051 0.143 -0.027 0.180 

3 -0.06091 0.051 0.239 -0.165 0.043 

3 1 .13727* 0.051 0.011 0.034 0.241 

2 0.06091 0.051 0.239 -0.043 0.165 

*. The mean difference is significant at the 0.05 level. 
~ ~ ~ 

"'1J1Vl"'~ : 1: i'UriH 2: i'umm 3: iU11U 
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VIl'Hrn {)-4 rhfflJ1.h:; ff'YI1lffli fflJw\ni (R2) 5:;11'h:3 TSP 11"::; PM.o ~l1m:;1iUfl11lJ"l.:.J ~UliffmntllUHl 

111~imy ,).:.Jl6~ff.:.J'lJm 

Model Summary 

Model R R Square Adjusted R Square Std. Error of the Estimate 

I .344a 0.118 0.03 8.9342 

a. Predictors: (Constant), tsp 

ANOVA(b) 

Model Sum of Squares df Mean Square F Sig. 

I Regression 107.158 I 107.158 1.342 .274a 

Residual 798.199 10 79.82 

Total 905.357 II 

a. Predictors: (Constant), tsp 

b. Dependent Variable: pmlO 

" 2) i'Uf)"l.:.J 

Model Summary 

Model R R Square Adjusted R Square Std. Error of the Estimate 
.. 

I .283a 0.08 -0 4.54519 

a. Predictors: (Constant), tsp 

ANOVA(b) 

Model Sum of Squares df Mean Square F Sig. 

I Regression 18.019 I 18.019 0.872 .372a 

Residual 206.587 10 20.659 

Total 224.607 11 

a. Predictors: (Constant), tsp 

b. Dependent Variable: pmlO 
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'; " , 

m'n~n 11-4 fi1fflJlh:;i1'Y1nfYl1fflJ~u1i' (R2) 'j:;11"h~ TSP llCl:; PM
10 

~11lJ'j:;~Ufl11lJ"l~ YiuYiffmmllUHl 

11111 il1t1! 1i~11111fY~'lJCll (~tl) 
" 

3) iuuu 

Model Summary 

Model R R Square Adjusted R Square Std. Error of the Estimate 

I .731a 0.534 0.49 8.86147 

a. Predictors: (Constant), tsp 

ANOVA(b) 

Model Sum of Squares df Mean Square F Sig. 

I Regression 899.601 I 899.601 11.456 .007a 

Residual 785.256 10 78.526 

Total 1684.857 II 

a. Predictors: (Constant), tsp 

b. Dependent Variable: pmlO 

Model Summary 

Model R R Square Adjusted R Square Std. Error of the Estimate 

I .491a 0.241 0.165 18.40844 

a. Predictors: (Constant), tsp 

ANOVA(b) 

Model Sum of Squares df Mean Square F Sig. 

I Regression 1074.44 I 1074.44 3.171 .105a 

Residual 3388.707 10 338.871 

Total 4463.147 II 

a. Predictors: (Constant), tsp 

b. Dependent Variable: pmlO 
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Vll'lHn 9-5 filfflJth::ff'YInffl1fflJliuYl (R2) 1:;wh:J TSP U":; PM
10 

1Ilm::~Ufl1llJlJ.:j Yiunffmn 

1'IJ1I11'IH'YI1 n~.:jl'YIYllJl11Um (9ltl) 
.. 

2) ~Un"l.:j 

Model Summary 

Model R R Square Adjusted R Square Std. Error of the Estimate 

I .826a 0.682 0.65 9.85443 

a. Predictors: (Constant), tsp 

ANOVA(b) 

Model Sum of Squares df Mean Square F Sig. 

I Regression 2082.21 I 2082.21 21.442 .001a 

Residual 971.097 10 97.11 

Total 3053.307 II 

a. Predictors: (Constant), tsp 

b. Dependent Variable: pmlO 

.. 
3) ~UUU 

Model Summary 

Model R R Square Adjusted R Square Std. Error of the Estimate 

I .771a 0.594 0.553 5.91849 

a. Predictors: (Constant), tsp 

ANOVA(b) 

Model Sum of Squares df Mean Square F Sig. 

I Regression 512.077 I 512.077 14.619 .003a 

Residual 350.286 10 35.029 

Total 862.362 II 

a. Predictors: (Constant), tsp 

b. Dependent Variable: pml0 
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VIl'iHn 9-6 fhfflJ'l.h::iY'Yl~ff'HfflJ-n'Ui (R2) 1:: '11'11.:) TSP 11":: PM
10 

1l1m::1iUf111lJ~-:) Yi'UnffmnfllU16 

106-:) \i-:)'Hi~l;tI-:)i'H1j 

Model Summary 

Model R R Square Adjusted R Square Std. Error of the Estimate 

I .904a 0.818 0.797 11 .6484 

a. Predictors: (Constant), tsp 

ANOVA(b) 

Model Sum of Squares df Mean Square F Sig. 

I Regression 5470.181 I 5470.181 40.315 .000a 

Residual .. 1221.168 9 135.685 

Total 6691.349 10 

a. Predictors: (Constant), tsp 

b. Dependent Variable: pmlO 

" 2) i'UOCll-:) 

Model Summary 

Model R R Square Adjusted R Square Std. Error of the Estimate 

I .916a 0.839 0.821 10.62861 

a. Predictors: (Constant), tsp 

ANOVA(b) 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 5280.438 1 5280.438 46.743 .000a 

Residual 1016.707 9 112.967 

Total 6297.145 10 

a. Predictors: (Constant), tsp 

b. Dependent Variable: pmlO 



155 

fll'nl~ 1)-6 fhfflJ1h::iil'1in'lHYlJl~\nr (r2) 'l::ll'hl TSP 11":: PM)O 1I1m::~lJfI'nlJ"l.:J ~'U~fftnmhlflij 
lljij.:J ~.:J111~I;tJ.:Jhnj (~f) 

" 3) ';'UlJ'U 

Model Summary 

Model R R Square Adjusted R Square Std. Error of the Estimate 

1 .892a 0.795 0.773 12.51257 

a. Predictors: (Constant), tsp 

ANOVA(b) 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 5479.809 1 5479.809 35 .000a 

Residual 1409.08 9 156.564 

Total 6888.889 10 

a. Predictors: (Constant), tsp 

b. Dependent Variable: pmJO 



.:t ~ rI Q.I Q.I rI Q,I , Q.I Q,I 

mnn1 il-7 nn1Lf1':il::lffl11lHYlJ'YfUli'Utl.:J TSP PM10 LL~::ftllft1'U'Utl.:J PMlOffSP nm::lIUfI11lJ"l.:J 

~lLm)lfl~ ilftY ~,m1~t'I'.:J'IJ~1 
.. 

L'lJfl'l"1'lfL'I'l1 nl.:JL'I'l'YilJl1l'Um 

Height TSP PM IO PM1/fSP Height TSP PM IO PM1/fSP 

Height Pearson Correlation 1 0.207 0.162 -0.041 1 -.521** -0,231 ,489** 

Sig. (2-tailed) 0,225 0.345 0,814 0.001 0.175 0.002 

N 36 36 36 36 36 36 36 36 

TSP Pearson Correlation 0,207 1 .506** -,480** -.521 ** 1 .660** -,634** 

Sig. (2-tailed) 0,225 0,002 0,003 0.001 0 0 

N 36 36 36 36 36 36 36 36 

PM IO Pearson Correlation 0.162 .506** 1 ,490** -0.231 .660** 1 0,146 

Sig. (2-tailed) 0.345 0.002 0.002 0.175 0 0.396 

N 36 36 36 36 36 36 36 36 

PM1/fSP Pearson Correlation -0.041 -,480** ,490** 1 ,489** -,634** 0.146 1 

Sig. (2-tailed) 0.814 0,003 0.002 0.002 0 0.396 

N 36 36 36 36 36 36 36 36 

**. Correlation is significant at the 0.01 level (2-tailed). 

eilLmlLi'i~H ~.:J111~L;V.:Jilfl.j 

Height TSP PM 10 PM1/fSP 

1 -0,276 -0.017 ,443** 

0,12 0.924 0.01 

33 33 33 33 

-0.276 1 .880** 0.113 

0.12 0 0.532 

33 33 33 33 

-0.017 .880** 1 .567** 

0.924 0 0.001 

33 33 33 33 

,443** 0.113 .567** 1 

0.01 0.532 0.001 

33 33 33 33 

VI 
0\ 
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~l'iHn {l-8 f)l'j11ml::,.rfl111J1111f)~h'l'IJfJ'IfJ'IThh::f)fJU'Yll'llflmll PM.o 1I1m::fiufl111JfJ'I ~llnRml1 

1'IJ1I71'IH'YI1 f)~'11'YI'Yl1Jlfl11m 

Multiple Comparisons 

LSD 95% Confidence Interval 

(I) (J) Mean Difference 

Dependent Variable height height (I-J) Std. Error Sig. Lower Bound Upper Bound 

OC I 2 -3.71667 1.33345 .007 -6.3768 -1.0565 

3 -3.79167 1.33345 .006 -6.4518 -1.1315 

2 I 3.71667 1.33345 .007 1.0565 6.3768 

3 -.07500 1.33345 .955 -2.7352 2.5852 

3 I 3.79167 1.33345 .006 1.1315 6.4518 

2 .07500 1.33345 .955 -2.5852 2.7352 

EC I 2 -0.49167 0.41586 0.241 -1.3213 0.338 

3 0.6875 0.41586 0.103 -0.1421 1.5171 

2 I 0.49167 0.41586 0.241 -0.338 1.3213 

3 1.17917· 0.41586 0.006 0.3495 2.0088 

3 I -0.6875 0.41586 0.103 -1.5171 0.1421 

2 -1.17917· 0.41586 0.006 -2.0088 -0.3495 

Na I 2 0.025 0.06572 0.705 -0.1061 0.1561 

3 -0.02917 0.06572 0.659 -0.1603 0.1019 

2 I -0.025 0.06572 0.705 -0.1561 0.1061 

3 -0.05417 0.06572 0.413 -0.1853 0.0769 

3 I 0.02917 0.06572 0.659 -0.1019 0.1603 

2 0.05417 0.06572 0.413 -0.0769 0.1853 

NU. I 2 -0.2375 0.1441 0.104 -0.525 0.05 

3 -.48333· 0.1441 0.001 -0.7708 -0.1959 

2 I 0.2375 0.1441 0.104 -0.05 0.525 

3 -0.24583 0.1441 0.093 -0.5333 0.0416 

3 I .48333· 0.1441 0.001 0.1959 0.7708 

2 0.24583 0.1441 0.093 -0.0416 0.5333 

K I 2 -0.0933 0.10148 0.361 -0.2958 0.1092 

3 0.06504 0.10148 0.524 -0.1375 0.2675 

2 I 0.0933 0.10148 0.361 -0.1092 0.2958 

3 0.15833 0.10039 0.119 -0.042 0.3587 

3 1 -0.06504 0.10148 0.524 -0.2675 0.1375 

2 -0.15833 0.10039 0.119 -0.3587 0.042 
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mHrn ~-8 m'l11ml::MfI11lJll~n~N'\Jtm:mlU'l::nUU'V1l~lflij1u PM,o ~lm::~1JfI11lJ"l~ -wuYiffmn 

l'IJml'lH'YIi n~~l'Y1YllJl11Um (~U) 

Multiple Comparisons 

LSD 95% Confidence Interval 

(I) (1) Mean Difference 

Dependent Variable height height (1-1) Std. Error Sig. Lower Bound Upper Bound 

Ca I 2 0.02917 0.08839 0.742 -0.1472 0.2055 

3 0.1 0.08744 0.257 -0.0745 0.2745 

2 I -0.02917 0.08839 0.742 -0.2055 0.1472 

3 0.07083 0.08839 0.426 -0.1055 0.2472 

3 I -0.1 0.08744 0.257 -0.2745 0.0745 

2 -0.07083 0.08839 0.426 -0.2472 0.1055 

CI I 2 0.0625 0.07075 0.38 -0.0786 0.2036 

3 0.10833 0.07075 0.13 -0.0328 0.2495 

2 I -0.0625 0.07075 0.38 -0.2036 0.0786 

3 0.04583 0.07075 0.519 -0.0953 0.187 

3 I -0.10833 0.07075 0.13 -0.2495 0.0328 

2 -0.04583 0.07075 0.519 -0.187 0.0953 

NO.
3 I 2 -0.29167 0.49727 0.559 -1.2837 0.7004 

3 0.05417 0.49727 0.914 -0.9379 1.0462 

2 I 0.29167 0.49727 0.559 -0.7004 1.2837 

3 0.34583 0.49727 0.489 -0.6462 1.3379 

3 I -0.05417 0.49727 0.914 -1.0462 0.9379 

2 -0.34583 0.49727 0.489 -1 .3379 0.6462 

SO'·. I 2 -1 .55000· 0.62626 0.016 -2.7994 -0.3006 

3 -1 . 17083 0.62626 0.066 -2.4202 0.0785 

2 I 1.55000· 0.62626 0.016 0.3006 2.7994 

3 0.37917 0.62626 0.547 -0.8702 1.6285 

3 I 1.17083 0.62626 0.066 -0.0785 . 2.4202 

2 -0.37917 0.62626 0.547 -1.6285 0.8702 

Other species I 2 6.29583· 2.04851 0.003 2.2092 10.3825 

3 4.51667· 2.04851 0.031 0.43 8.6033 

2 I -6.29583· 2.04851 0.003 -10.3825 -2.2092 

3 -1.77917 2.04851 0.388 -5.8658 2.3075 

3 1 -4.51667· 2.04851 0.031 -8.6033 -0.43 

2 1.77917 2.04851 0.388 -2.3075 5.8658 

• . The mean difference is significant at the 0.05 level. 
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.. 0 
4 dd Q 

fl11lJff~ 'YfU'Ylfff1'l:111'IJml 'IH'Yl1 f1Hl'YlYllJl1l'Um ... . 
Multiple Comparisons 

LSD 95% Confidence Interval 

Dependent (I) (J) Mean Difference Std. 

Variable height height (I-J) Error Sig. Lower Bound Upper Bound 

TC 1 2 -2.82 2.57015 0.276 -7.9473 2.3073 

3 -1.305 2.57015 0.613 -6.4323 3.8223 

2 1 2.82 2.57015 0.276 -2.3073 7.9473 

3 1.515 2.57015 0.557 -3.6123 6.6423 

3 1 1.305 2.57015 0.613 -3.8223 6.4323 

2 -1.515 2.57015 0.557 -6.6423 3.6123 

OC 1 2 -2.775 2.03189 0.176 -6.8285 1.2785 

3 -2.605 2.031 89 0.204 -6.6585 1.4485 

2 1 2.775 2.031 89 0.176 -1.2785 6.8285 

3 0.17 2.03189 0.934 -3.8835 4.2235 

3 1 2.605 2.03189 0.204 -1 .4485 6.6585 

2 -0.17 2.03189 0.934 -4.2235 3.8835 

EC 1 2 -0.04667 0.65654 0.944 -1 .3564 1.2631 

3 1.29667 0.65654 0.052 -0.0131 2.6064 

2 1 0.04667 0.65654 0.944 -1.2631 1.3564 

3 1.34333· 0.65654 0.045 0.0336 2.6531 

3 1 - 1.29667 0.65654 0.052 -2.6064 0.0\31 

2 -1.34333· 0.65654 0.045 -2.6531 -0.0336 

OCI I 2 0.16375 0.29918 0.586 -0.4331 0.7606 

3 0.49208 0.29918 0.105 -0.1048 1.0889 

2 1 -0.16375 0.29918 0.586 -0.7606 0.4331 

3 0.32833 0.29918 0.276 -0.2685 0.9252 

3 1 -0.49208 0.29918 0.\05 -1 .0889 0.1048 

2 -0.32833 0.29918 0.276 -0.9252 0.2685 

OCl 1 2 -0.70042 0.44624 0.121 -1.5906 0.1898 

3 -0.34875 0.44624 0.437 -1.239 0.5415 

2 1 0.70042 0.44624 0.121 -0.1898 1.5906 

3 0.35167 0.44624 0.433 -0.5386 1.2419 

3 1 0.34875 0.44624 0.437 -0.5415 1.239 

2 -0.35167 0.44624 0.433 -1.2419 0.5386 
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Multiple Comparisons 

LSD 95% Confidence Interval 

Dependent (I) (J) Mean Difference Std. 

Variable height height (1-1) Error Sig. Lower Bound Upper Bound 

OC3 1 2 -1.19833 0.8371 0. 157 -2.8683 0.4716 

3 -1.6625 0.8371 0.051 -3.3325 0.0075 

2 1 1.19833 0.8371 0.157 -0.4716 2.8683 

3 -0.46417 0.8371 0.581 -2.1341 1.2058 

3 1 1.6625 0.8371 0.051 -0.0075 3.3325 

2 0.46417 0.8371 0.581 -1.2058 2.1341 

OC4 1 2 -0.29208 0.49582 0.558 -1.2812 0.6971 

3 0.07125 0.49582 0.886 -0.9179 1.0604 

2 1 0.29208 0.49582 0.558 -0.6971 1.2812 

3 0.36333 0.49582 0.466 -0.6258 1.3525 

3 1 -0.07125 0.49582 0.886 -1.0604 0.9179 

2 -0.36333 0.49582 0.466 -1 .3525 0.6258 

ECI 1 2 -0.35125 0.75442 0.643 -1.8563 1.1538 

3 0.48792 0.75442 0.52 -1.0171 1.9929 

2 1 0.35125 0.75442 0.643 -1.1538 1.8563 

3 0.83917 0.75442 0.27 -0.6659 2.3442 

3 1 -0.48792 0.75442 0.52 -1.9929 1.0171 

2 -0.83917 0.75442 0.27 -2.3442 0.6659 

ECl 1 2 -0.07542 0.09075 0.409 -0.2565 0.1056 

3 -0.05125 0.09075 0.574 -0.2323 0.1298 

2 1 0.07542 0.09075 0.409 -0.1056 0.2565 

3 0.02417 0.09075 0.791 -0.1569 0.2052 

3 1 0.05125 0.09075 0.574 -0.1298 0.2323 

2 -0.02417 0.09075 0.791 -0.2052 0.1569 

EC3 1 2 -.36792- 0.08102 0 -0.5296 -0.2063 

3 -.29333- 0.08102 0.00 1 -0.455 -0.1317 

2 1 .36792- 0.08102 0 0.2063 0.5296 

3 0.07458 0.08102 0.361 -0.0871 0.2362 

3 1 .29333- 0.08102 0.00 1 0.1317 0.455 

2 -0.07458 0.08102 0.361 -0.2362 0.0871 
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fl11lJ~.:J rnJ'YlfTmn 1'\l~11'lH'Yl1 f)~.:J1'Y1'YllJl11'Um (~tl) 

Multiple Comparisons 

LSD 95% Confidence Interval 

Dependent (I) (J) Mean Difference Std. 

Variable height height (I-J) Error Sig. Lower Bound Upper Bound 

OC/EC I 2 -0.3375 0.20695 0.107 -0.7503 0.0753 

3 -.94375* 0.20695 0 -1.3566 -0.5309 

2 1 0.3375 0.20695 0.107 -0.0753 0.7503 

3 -.60625* 0.20695 0.005 -1.0191 -0.1934 

3 1 .94375* 0.20695 0 0.5309 1.3566 

2 .60625* 0.20695 0.005 0.1934 1.0191 

*. The mean difference is significant at the 0.05 level. 

.. 
11'lH'Yl1 f)~ .:J1'Y1'YllJl11'Um 

Model Summary 

Model R R Square Adjusted R Square Std. Error of the Estimate 

I .81Oa 0.656 0.641 1.487 

a. Predictors: (Constant), tsp 

ANOVA(b) 

Model Sum of Squares df Mean Square F Sig. 

I Regression 92.877 I 92.877 42.003 .OOOa 

Residual 48.646 22 2.211 

Total 141.522 23 

a. Predictors: (Constant), tsp 

b. Dependent Variable: pmlO 
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fll"iHn {I-lO filt1lJ1.h::ff'YIiffl1t1lJli'Ui (R2) 'j::wh~ oc U,,::EC 9l1lJ'j::fi1JfI111Jff~ ~lJYiffmlll'IJ91 .. 

tI 

2) i'Uf)m~ 

Model Summary 

Model R R Square Adjusted R Square Std. Error of the Estimate 

1 .916a .791a 0.626 0.609 

a. Predictors: (Constant), tsp 

ANOVA(b) 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 95.908 1 95.908 36.768 .000a 

Residual 57.386 22 2.608 

Total 153.294 23 

a. Predictors: (Constant); tsp 

b. Dependent Variable: pmlO 

tI 

3) i'U1J'U 

Model Summary 

Model R R Square Adjusted R Square Std. Error of the Estimate 

I .664a 0.441 0.416 1.25586 

a. Predictors: (Constant), tsp 

ANOVA(b) 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 27.388 I 27.388 17.365 .000a 

Residual 34.698 22 1.577 

Total 62.086 23 

a. Predictors: (Constant), tsp 

b. Dependent Variable: pm 10 
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q ~ 0' I" '1 ., '" .. 

mnn1 9-11 f)l'.i1lml:;l1fl11lJlI~f)1m'\Jij.:j'HlV":; OC 11":; EC 'U TC (%) ~lm:;~Ufl11lJff.:j 'Vl'U'Yl 
" 

d .. 

ffmll l'\J~ll'IH'Yl1 fl~.:jl'Y1'VllJl1l'Um 

Multiple Comparisons LSD 95% Confidence Interval 

(I) (J) Mean Difference 

Dependent Variable height height (1-1) Std. Error Sig. Lower Bound Upper Bound 

OC I 2 -1.47917 0.86241 0.091 -3.1996 0.2413 

3 -3.96667* 0.86241 0 -5.6871 -2.2462 

2 I 1.47917 0.86241 0.091 -0.2413 3.1996 

3 -2.48750* 0.86241 0.005 -4.208 -0.767 

3 I 3.96667* 0.86241 0 2.2462 5.6871 

2 2.48750* 0.86241 0.005 0.767 4.208 

EC I 2 1.47917 0.86241 0.091 -0.2413 3.1996 

3 3.96667* 0.86241 0 2.2462 5.6871 

2 I -1.47917 0.86241 0.091 -3.1996 0.2413 

3 2.48750* 0.86241 0.005 0.767 4.208 

3 I -3 .96667* 0.86241 0 -5.6871 -2.2462 

2 -2.48750* 0.86241 0.005 -4.208 -0.767 

*. The mean difference is significant at the 0.05 level. 



· " . Q Q " ~ cv" 'CV' CV GI Q Q ct odd 
~lnn1 il-12 fl1111ml::l1mllJnlJ'Y'IUli1::1111 'HY~HYTU'IJfJ~ PM i TSP n'Uf1n1Jtu::VlN~~U{JlJ1Vl{Jl 'Y'IUVlffn1Jl 

PM,/fSP tilU1fJ'I1l~ 1my ,j'~111~n~'Uf11 

iu,;,~ 

temp Pearson Correlation 0,036 

Sig, (2-tailed) 0,913 

N 12 

pressure Pearson Correlation -0.462 

Sig. (Hailed) 0.131 

N 12 

sr Pearson Correlation -0.301 

Sig. (2-tailed) 0.341 

N 12 

rh Pearson Correlation -0.123 

Sig. (2-tailed) 0.702 

N 12 

ws Pearson Correlation 0.001 

Sig. (2-tailed) 0.997 

N 12 

•• . Correlation is significant at the 0.01 level (2-tailed) . 

• . Correlation is significant at the 0.05 level (2-tailed). 

" 
iUnf11~ iu'Uu 

-0,152 -0,117 

0.638 0.717 

12 12 

-0.431 0.185 

0.162 0,564 

12 12 

-0.093 0,067 

0.774 0.837 

12 12 

0.454 -0.118 

0.138 0.714 

12 12 

0.211 -0.358 

0.51 0.254 

12 12 

1'IJ1I11'lf1V11 n~ ~1V1'Y'1lJ111Um 

iunl~ iumm iu'Uu 

-0,265 -0.392 -0.253 

0.404 0.208 0.427 

12 12 12 

0,368 ,580· 0,568 

0.24 0,048 0.054 

12 12 12 

-0.182 -0.177 0.168 

0.572 0.582 0.601 

12 12 12 

.669· 0.406 0.233 

0.017 0.191 0.466 

12 12 12 

-0.393 0.321 -0.402 

0.207 0.309 0.196 

12 12 12 

til1ilfJliifJ~ ,j'~111~1;{J~1l1lJ 
" " " 
Wnl~ iUnf11~ iu'UU 

-0.456 -0.248 -0.185 

0,136 0.437 0.566 

12 12 12 

0.127 -0,014 -0,157 

0.693 0,966 0.626 

12 12 12 

-0.469 -0.034 -0.224 

0.124 0.916 0.484 

12 12 12 

-0.019 0.091 -0.318 

0.954 0.779 0.314 

12 12 12 

-0.19 -0.362 -0.468 

0.555 0.248 0.125 

12 12 12 

0\ 

"'" 



~ Q ~ Q.I Q.I ~ , Q.I , Q.I 

V1l'nn1 iI-13 m~,)lml::l1mllJfflJYiUTi~::l1,)l'1 TSP PM,o 1l~:: ff~ff,)U'lHl'l PMirsp mJfl,)llJ~'1~fflJ (MH) 

t1111HJ111~'l1qj ~'1111~ff'l'IJm 
.. 

I'lJlI~l'1Hl'1,) fl~'1Il'1YilJ111Um 

PM1/fSP MH PM IO TSP PM1/fSP MH PM ,O TSP 

PM1/fSP Pearson Correlation I 0.256 .490" -.480" 1 -0.223 0.276 -.585** 

Sig. (2-tailed) 0.263 0.002 0.003 0.264 0.103 o .: 

N 36 21 36 36 36 27 36 36 

MH Pearson Correlation 0.256 I 0.231 -0.033 -0.223 I .655** .591** 

Sig. (2-tailed) 0.263 0.313 0.888 0.264 0 0.001 

N 21 21 21 21 27 27 27 27 

PM IO Pearson Correlation .490·· 0.231 I .506·· 0.276 .655** I .605** 

Sig. (2-tailed) 0.002 0.313 0.002 0.103 0 0 

N 36 21 36 36 36 27 36 36 

TSP Pearson Correlation -.480·· -0.033 .506·· 1 -.585** .591** .605** 1 

Sig. (2-tailed) 0.003 0.888 0.002 0 0.001 0 0.001 

N 36 21 36 36 36 27 36 33 

••. Correlation is significant at the 0.0 I level (2-tailed). 

t111flVIJJV'I ~'1111~I;tI'I'11~ 

PM1/fSP MH PM IO TSP 

0.443 0.000 -0.017 -0.276 

0.010 1 0.924 0.120 

33 27 33 33 

1 -0.076 <l.568 0.115 

0.705 0.001 0.525 

33 27 33 33 

-0.076 1 -0.132 -0.122 

0.705 0.510 0.545 

27 27 27 27 

0.568 -0.132 1 0.880 

0.001 0.510 0.000 

33 27 33 33 

i 
, 

'" Vl 
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· " . CI Q J Q,lGltI I GIl Q,lQI 4Q 4.c:t 

fllnrn 9-14 fn~11ml::l1f1111HTlJYi'U1i~::l11VI 'MHn'U'In)~ OCIEC n1Ji\nllW::'YIl~~~'UfJlJ1'YHJl Yi'U'YI 

"" '" ffnlll 1'IJ~~1'lH'YI1 nl ~lrIYilJl11'Um 

.. 
i'U,h~ 

Pearson Correlation .679·· 

Sig. (2-tailed) 0 

N 24 

fI11lJ~'Uun tJlfnff Pearson Correlation -.613·· 

.: Q,I Q,I " 

fI11lJ'lJ''U ffUYi'YIli 

d 
fI11Ul~1i\U 

Sig. (2-tailed) 

N 

Pearson Correlation 

Sig. (2-tailed) 

N 

Pearson Correlation 

Sig. (2-tailed) 

N 

Pearson Correlation 

Sig. (2-tailed) 

N 

Pearson Correlation 

Sig. (2-tailed) 

N 

••. Correlation is significant at the 0.0 I level (2-tailed) . 

•. Correlation is significant at the 0.05 level (2-tailed). 

0.001 

24 

0447· 

0.028 

24 

-.699·· 

0 

24 

0.263 

0.215 

24 

.659·· 

0.008 

15 

OCIEC 
.. .. 

i'Um'm i'Uu'U 

.559·· An· 

0.005 0.045 

24 24 

-0.387 -0.23 

0.062 0.279 

24 24 

0.293 0.072 

0.165 0.737 

24 24 

-.637·· -0455· 

0.001 0.025 

24 24 

0.318 0.315 

0.13 0.133 

24 24 

0.395 0.363 

0.145 0.184 

15 15 
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lHnYl1"l1Yl';i lJWCV11"l1';i';iW 1fWHlJVTU'Vl 4 lJf)';ilfllJ Yl.ff. 2518 V1U1V!lJV.:I 11.:1'11111 

lmnJjlJ ril1~11fl1';ifffnn';i::~'UiJ1itIlJfffnn'flVlJ~lJum: 'fIm.nJmv111f) 1 H1~ vlJ';il;ii\!';iw:: th1f1V 

1li V.:I ~.:I '11111 lJ m '11 j lJ rill ~ 11 fll ';i fff)1:ln:: ~ 'U '11~ t\!t\! 11'Yl Vl ffl ff'fl {,j W cYi'fl ffl '\/11'Yl Vlfflff'fl { 

~.:IU111~VlJ flW::1'YlVlfflff'fl{ lJ'I111'YlV1Evff~'111f)';i ilJi]f)1';ifff)1:l1 2539 '11';i::ff'Uf)1';iWl11.:l1lJ 

1 ~ 1 'I1l! 1 ~ 1 fl ij 'U ~,r 'Yl1 'Yl ffl1!'Yl fl ~ 1 n 11 ~";1V ~ ~ 11 fll';i r:h vll' V.:I '11 il,j~ f) n 11 m 1:: M 'U ~,r 'Yl ~, lJ 1~ 11 

1WlJlJlilff~ U()lJ~ 19lJ~liiV~.:I fl()lJci'~U'fIlJl1 ~lnl1 U~::1,j'lfff)1:l1~()ilJ';i::~'U,jWcYi'flfff)1:l1 

'I1Efl~'fI';i ff'l1 ffl'\J11'lfl1mJ1fflff'fl{~ .:IU111~()lJ ~Wl~.:If)';i WlJ'I111'YlV1EV i lJi]f)1';ifffl1:l1 2549 
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