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[20]"CU= 15?mQt
=} PCA |=ypOt \UwD 16=yxvwo C_re |rm |=yxO=O 'pw= |xrLQt QO
`@=vt p}iwQB w CmQ=Wt OYQO 'pw= |xrLQt |HwQN "OvwW|t R}r=v; PMF

'OW xDio R}v QDW}B xm Qw]u=ty 'u}vJty "CU= EC-Source w ES-Source

"OwW|t jq]= xDN=vW=v `@vt u; x@ xm 'Ov=t|t |k=@ xDN=vW=v =yCmQ=Wt R= |WN@
pOt x@ �x} wv=F |xOvQ}PB� O}OH |xOvQ}PB u=wva x@ EC-Source 'swO |xrLQt QO
|Ov@xDUO '`@=vt O=OaD %Ovv=t|�RH C=aq]=CU= QmP x@ sRq "OwW|t OQ=w CMB

C=aq]= R= EC-Source QO `@=vt CmQ=Wt OYQO p}Uv=DB OQwt QO '""" w `@=vt
|xOvQ}PB QO OwHwt ptDLt |xOW xQ=W= `@=vt x@ "O};|t CUOx@ |k}kL |=}vO
G}=Dv |Ov@`tH =@ 'C}=yvQO "OwW|t xDio 17xOW |Q}oxR=Ov= `@vt � Q} R 'x} wv=F
|xH}Dv '�Msub-source w ES-Source CmQ=Wt OYQO� Q}N= |xrLQt wO
`@=vt G=QNDU= w |@}mQD pOt |Q}oQ=mx@ =@ "OwW|t pY=L |@}mQD pOt |}=yv
u=mt= w QDxO=U x} wv=F |xOvQ}PB 'Oa@ |xrLQt QO =yu; hPL w ES- Source

QO xOvvmCmQ=Wt `@=vt O=OaD `k=w QO "OwW|t sy=Qi |QDj}ta |UQQ@ w p}rLD
|xOvQ}PB QO xm |a@=vt O=OaD =@ =yu; T=}k x@ xHwD =@ �swO |xrLQt� x} wv=F |xOvQ}PB
QDtm xDN=vW=v `@=vt syU OYQO |iQ] R= "OwW|t QDtm 'OvQ=O CmQ=Wt |rY=
'OvwW|t |}=U=vW `@=vt |t=tD xm Ow@ u}= Q@ ZQi CMB pOt QO� OwW|t
p}=i QO xm OvDUy |a@=vt u=ty xDN=vW=v `@=vt �"Ow@v Qw]u}= C}ak=w QO =t=
xOvQ}PB w `@vt j}@]D sOa w |Q=oR=U=v Ea=@ w Ov=xOt=}v `@=vt p}=iwQB |wDLt
|xOvQ}PB w hPL x} wv=F |xOvQ}PB R= xDN=vW=v `@=vt 'xOW xQ=W= VwQ =@ =t= "OvwW|t
|rm Ov}=Qi '2 pmW QO [21]"Ovvm|t =O}B |QDW}@ j}@]D u; `@=vt � Q} R w x} wv=F
xOy=Wt |@}mQD pOt QO xOv}q; O}rwD `@=vt l}miD |xwLv w xOW QmP |R=UpOt

"OwW|t
pOt |HwQN |wQ CU= sRq CMB w PCA G}=Dv u}@ \=@DQ= Qw_vt x@
CMB pOt |OwQw =@ ?U=vDt u; |HwQN =D OwW s=Hv= |}=yVR=OQBPCA

OYQO |x@U=Lt Qw_vt x@ |]N |xQ}eDtOvJ uw}UQoQ R= wQ u}= R= [12]"OwW
|}=}t}W xvwoQy |DmQ=Wt C_re u=R}t w PCA R= xOt; CUOx@ pt=wa CmQ=Wt
j}irD R= 'Q[=L VywSB QO Qo}O u=}@x@ [12]"OwW|t xO=iDU= hrDNt pt=wa QO
|=}=Rt R= |Q}oxQy@ Qw_vt x@ |rY= |=yxir-wt p}rLD =@ xv=oOvJ |]N uw}UQoQ
OwQw sRrDUt 'xv=oOvJ |]N uw}UQoQ R= QDy@ |O=iDU= "CU= xOW xO=iDU= wO Qy
Q}O=kt u} QDy@ u}}aD |=Q@ "CU= u; QO xOWxO=iDU= Q=PoQ}F-=D w syt |=yQ}eDt
Q}_v |=yxO=O Oa)@ Vy=m |=yVwQ R= ,qwtat xv=oOvJ |]N uw}UQoQ |=yQDt=Q=B

:CU= 3 |x]@=Q pmW x@ |Q]k T} QD=t [W ] 'u; QO xm
wjj = 1

�2
xj

(3)

,=Q}N= CU= j <RH =@ \@DQt |=y|Q}oxR=Ov= x@ \w@ Qt C}a]k sOa �xj 'u; QO xm
:�4 |x]@=Q�OwW|t ^=Lr R}v `@vt p}iwQB x@ \w@ Qt C}a]ksOa [W ] T} QD=t QO

wjj = 1
�2
xj +

Pq
k=1 �2

Fjkg2
k

(4)

R= xOW QWDvt j <RH |=Q@ `@vt p}iwQB x@ \w@ Qt C}a]k sOa �Fjk 'u; QO xm
[25]"CU= k `@vt |xOW xOR u}tND CmQ=Wt gk w k `@vt

|rY= |=yxir-wt R}r=v; pOt "2"3"2
|xar=]t |=Q@ ?w@Lt Q=R@= l} 'PCA VwQ u=ty =} |rY= |=yxir-wt R}r=v;
=@ 'CU= |}=}t}W sQH pO=aDpOt Ovv=t QwmPt pOt "CU= nQR@ O=a@= =@ |=yxO=O
|xv}tm VwQ R= 'PCA pOt QO "OvDUy pwyHt u=tRty [G] w [F ] xm Cw=iD u}=
KQW =Q Q}N= pOt OQmrta |xw}W '5 |x]@=Q "OwW|t xO=iDU= =yxOv=t}k=@ C=a@ Qt

"CU= i |xvwtv |=Q@ j <RH |xOv=t}k=@ eij 'u; QO xm OyO|t

Q =
nX
i=1

pX
j=1

(eij=wij)2 (5)

<RH w 8xQ}eDtOvJ p}rLD VwQ u} QDxOWxDN=vW w u} QD|t}Ok PCA pOt
pL |Qw]x@ =Q 1 |xrO=at 'Q}N= pOt "CU= |Q=t; |xDUmW |]N |=ypOt

[9]"OR=U xv}tm 5 |xrO=at QO =Q Q `@=D =D Ovm|t

|@}mQD pOt "3"3"2
QO 'p=Ft u=wva x@ "OQ=O |YNWt ha[ w Cwk \=kv '|}xOvQ}PB pOt Qy
xOv}q; O}rwD QO p}NO `@=vt |t=tD xm CU= u; Q@ ZQi PMF w PCA |=ypOt
R= pt=wa |NQ@ |R=U=OH QO 'QwmPt pOt wO xm |r=L QO 'OvwW|t |}=U=vW
l} R= '`@=vt p}=iwQB QO x@=WD Crax@ |y=o w OvQ=Ov =Q sRq CkO �`@=vt� sy
p=tDL= CMB pOt QO u}vJty [20]"OwW|t G=QNDU= `@vt OvJ =} wO pt=a
|Q=oR=U=v |y=o w xDN=vW=v `@vt pmWt 'QDsyt u; R= w `@vt |ivt CmQ=Wt
|@}mQD pOt R= 'Q[=L |xar=]t QO wQ u}= R= [10]"OQ=O OwHw j}@]D sOa w
|=ypOt "CU= xOW xO=iDU= xOvQ}PB |=ypOt Cwk \=kv R= QDW}@ |Q}oxQy@ CyH
G=}DL= =yu; ?}mQD w `@vt O=OaD OQwt QO |}x}rw= Vv=O I}y x@ PMF w PCA

QO "Ovvm|t |}=U=vW =Q `@vt w pt=a Qy '?=}OQ |=yu=tr= ltm x@ =yu; "OvQ=Ov
CUOx@ |QDj}kO ,=D@Uv G}=Dv '`@vt C=aq]= |Q}oQ=mx@ =@ CMB pOt xm |r=L

[10]"OQw;|t
xv=Q}oCNU Q=}U@ CMB pOt Q@ sm =L |=yZQi C}ak=w QO 'u}= Q@ xwqa
"OwW|t =QH= QO pOt 9|Q=O}=B=vEa=@ Qt= u}= "OvOvw}B|tv ẁkw x@ =yu; s=tD wCU=
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'u}W=t RtQD '`}=vY %pt=W '|v=Uv= `@=vt R= |W=v u}ovU C=Rri Q}F-=D CLD 'OwW|t
u}ovU |=yCNwU |NQ@ `=wv= R= |DL w wQOwN |Q=mv=wQ |=yuewQ 'wQOwN Q}=D
'2 pt=a QO OOaDt `@=vt Qw[L x@ xHwD =@ [3]"OwW|t QWDvt �xQwm Civ Ovv=t�
'ptDLt `@=vt |=Q@ w |iQat CMB pOt x@ O}OH |xOvQ}PB u=wvax@ Q}N= pt=a
xQwm Civ w 'wQOwN |Q=mv=wQ |=yuewQ 'wQOwN Q}=D 'u}W=t RtQD 'CavY %pt=W
"OwW|t xOy=Wt 2 pt=a |=Q@ xOt; CUOx@ p}iwQB '3 pmW QO "CU= xOW p}rLD
<=RH= C_re |OwQw |=yxO=O pt=W xm 2 pt=a |=Q@ CMB pOt G}=Dv
<=RH= sQH |wQ uw}UQoQ |xrLQt l} R= xOt; CUOx@ �2 pt=a QO OwHwt |}=}t}W
w l}DUq V}=U %pt=W 'Q}N= pt=a QO p}NO `@=vt p}=iwQB R}v w �xS} w Q}O=kt w

CUOx@ pOt QO xmCU=]N `} RwD uOw@ p=tQv |xOvyOu=Wv 'OW=@ 1=5�2=5 u}@
"CU=]N `} RwD uOw@ p=tQv |xOvyOu=Wv xmCU= xOt;CUOx@ 1=9 u; Q=Okt xOt;
sQwD |xQ=t; R= �=y=]N pqkDU=� |]Nsy sOa ZQiV}B |UQQ@ CyH u}vJty
|xOvyOu=Wv '10 R= QDW}@ Q}O=kt w 1 u; p;xO}= Q=Okt xmCU= xOW xO=iDU=Tv=} Q=w
O}}-=D R=TB "CU= uw}UQoQ pOt QO pkDUt |=yQ}eDt u}@ |]Nsy uOw@ R=UpmWt
|rOt 'pkDUt |=yQ}eDt QO |oDU@ty pmWt `iQ w =]N Q}O=kt `} RwD uOw@ p=tQv
|=yQ}eDt u} QDsyt u}}aD |=Q@ xv=oOvJ |]N uw}UQoQ VwQ R= xO=iDU= =@ ?U=vt
uw}UQoQ ltm x@ 'Qo}O CQ=@a x@ "CU= xOW O=yW}B jrat C=QP sQH QO p}NO
pt=wa QO u=tr= Qy C_re� |}=}t}W xvwoQy |DmQ=Wt C_re '|]N |xQ}eDtOvJ

"OwW|t x@U=Lt �xOt; CUOx@
CmQ=Wt u=R}t 'jrat C=QP sQH uDW=O =@ w uw}UQoQ OOHt |Q}oQ=m x@ =@ 'TBU
xOW x@U=Lt |Q}oxvwtv RwQ Qy QO PCA R}r=v; R= xOt; CUOx@ pt=wa R= l} Qy
xOW G=QNDU= pt=wa R= l} Qy CmQ=Wt u}}aD u=mt= 's=Ok= u}= =@ '`k=w QO "CU=
"OwW|t sy=Qi jrat C=QP |xOv}q; |tQH C_re QO |rY= |=yxir-wt R}r=v; R=
?} Q[ ?Q[pY=L R= '|Q=OQ@xvwtv Qy QO pt=a Qy |DmQ=Wt syU xm CU= |y}O@
u; |}=}t}W <=RH= x@ xDi=}X}YND C_re =@ |vw}UQoQ pOt QO xDi=}X=YDN=
`@=vt |Ov@syU x@ \w@ Qt G}=Dv p}tmD QO ,=DOta VwQ u}= "OwW|t x@U=Lt pt=a
=ypOt Q}=U G}=Dv QDj}kO |UQQ@ u=mt= w OwW|t KQ]t PCA VwQ R= xO=iDU= =@
|xQwO |=Q@ =Q pOt |HwQN pt=wa CmQ=Wt u=R}t '7 |x]@=Q "Ovm|t sy=Qi =Q

:OyO|t u=Wv u=QyD QyW QO xar=]tOQwt
PM2 5 = 32 40PC1 + 138 80PC2 + 6 93PC3

�7=02� 10�7PC4 + 0 03PC5 (7)

'138=80 ?} Q[ =@ swO pt=a 'uw}UQoQ R= xOt; CUOx@ ?}=Q[ x@ xHwD =@
pt=a 'OW xO=O K}[wD xm Qw]u=ty "OQ=O pt=wa Q}=U x@ C@Uv |QDW}@ C}ty=
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QO =yu; O}rwD `@=vt syU w C=QP QO OwHwt |}=}t}W |=y?}mQD C_re 'Qw_vt u}=
|=yR}r=v; G}=Dv j@] "OW u}}aD 2014 � 2015 p=U QO h} QW x=oWv=O x=oDU}=
Q=}U@ Q=Okt u}}aD ut[ 'jrat C=QP |=yxvwtv |wQ xDiQoCQwY |}=}t}W w |tQH
R= |m} |r; sQH 'u=QyD QyW QO R} Q jrat C=QP C_re u}ov=}t C_re |q=@
|Ov@syU 'Q[=L |UQQ@ QO "Ot; CUOx@ PM2=5 QO OwHwt |=y?}mQD u} QDsyt
ptDLt `@=vt p}iwQB w C=QP |}=}t}W <=RH= C_re ltm x@ jrat C=QP Q=WDv= `@=vt
\�=Uw 'xOt; CUOx@ G}=Dv j@] "CiQo s=Hv= CMB pOt \UwD u=QyD QyW QO
u} QDsyt u=wvax@?}DQD x@ Q=@e w OQo C=QP w �=ROwO w|rR}O '|v} Rv@� lQLDt |x}rkv
\}=Uw `@vt |xOta syU uOW XNWt =@ "OvOW |}=U=vW C=QP O}rwD QO `@=vt
pOt R= 'xOvQ}PB pOt QO G}=Dv CkO <=kDQ= Qw_vt x@ 'C=QP O}rwD QO |v} Rv@ |x}rkv
pOt |HwQN pt=wa R= |QD|�RH `@=vt w xO=iDU= PCA-MLR-CMB |@}mQD
l}DUq V}=U uwJty |a@=vt |xOt; CUOx@ G}=Dv j@] "OvOW G=QNDU= PCA

w u} QDsyt R= j=QDL= u}ovU |=yCNwU w xOv=t}k=@ uewQ j=QDL= 'wQOwN RtQD w
"OvDUy |Q=OQ@xvwtv |xQwO pw] QO jrat C=QP C=Q}}eD `@=vt u} QDQF-wt

QmWD w Q}OkD
C=QP R= xDiQo CQwY |=y|Q=OQ@xvwtv QO xm =wy C}i}m pQDvm CmQW R= xr}Uw u}O@
R= u}vJty "OwW|t |Q=RoU=BU w |v=OQOk 'OvOQm |v=@}DWB w C}=tL =Q xwQo 'jrat
R=}vOQwt |}=}t}W |=yR}r=v; s=Hv= CyH x@ '=m} Qt; u}Uv=mU} w x=oWv=O x=oW}=tR;

"OwW|t xS} w QmWD xSwQB s=Hv= |=Q@

"2 pt=a |=Q@ CMB pOt G}=Dv "4 pmW

x=o}=B R= xOt; CUOx@� j=QDL= u}ovU |=yCNwU w 'xOv=t}k=@ uewQ j=QDL= 'RtQD
'4 pmW x@ xHwD =@ "OW x@U=Lt 2 pwOH j@=]t 'CU= �SPECIATE |xO=O
2 pt=a QO =Q O}rwD syU u} QDW}@ '65=10 u}ov=}t =@ u}ovU |=yCNwU j=QDL=

"CU= xDW=O

|Q}oxH}Dv "4
|=yxOv}q; u} QD|v=QL@ R= |m} 'Q=}at |=yxOv}q; R= |m} u=wvax@ R} Q jrat C=QP
=y?}mQD 'Q[=L VywSB QO "CU= u=QyD QyW QO =wy C}i}m w CtqU ^=Lr x@ =wy

=yCWwv=B
1. particulate matter
2. receptor model
3. principal component analysis (PCA)
4. chemical mass balance (CMB)
5. source pro�le
6. spatial variation
7. temporal variation
8. multi variational methods
9. Instability
10. Collinearity
11. combined model
12. measured source
13. extracted source
14. extracted simplex source
15. extracted complex source
16. original receptor
17. measured sub-source

18. precursor gases
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