2.5, RERANFEEEDOHTE (LETE2—FETI)

KETH Y= 8 18 O Fo it K % R B 3 5 72 D ISTE Y- ORI % 51 FE DR BV ZH T
bY, WANARETNVEMNTHEIE S LD, TORENRT 7 a—FI3RAERD 5T
JEBET NV EMEND LD L LT X —FT N TH D, WHOTERFEIIRNT O RS T
Hb, VIalb—va BT IOTIEEARA VXU R =0 b I L, (GYE Ol &4
BayvIal— L TREIE TORIE~OEBEHET 5, KEEPAIZL SV I 2L
—¥ 3 VETMICE HEHE a2 — FiZ CMAQ (community multiscale air-quality) 7234 ¥ (Byun
and Ching, 1999) . KXDLUSHE,  #ak, HHREOLERED Y I 2L —v a3 TR A
MEnTnag, i, LE72 =7 VOHBRITEERKOMETHY . £ IhbiI
Wo TRARFGRENHEE IND,

BREL T OIFERL IR E MR FT S O G EIZB W T, Fileh IR E B3 5 A7t D
72, BETOREHENSBRMS (L7 2 —) TOREEELEZRTTHFiEE
LC CMBIERHR SN2 (W) HABRSEfE L 7 — 1987), F7-. K[ETIX EPA 237
ST L7 H—ET VBT D IAHZRREHE R #HA &4 (Stevens and Pace, 1984 ; Henry
etal., 1984; Currie etal., 1984; Johnson et al., 1984; Dzubay et al., 1984; Gordon etal., 1984) .
Flo, BAT UV VAHBRO KK T v Y AHIO TR RS L, LT X —ET LI
S HLONR A METHEMNMENH D & Ziiz(Harley et al., 1984), HIZ, PMys D HEREL
FEHETER LT A1 C John Watson & (Watson, 1979; Watson et.al., 198412 L > TR &SN /-V 7
k7 =7 CMB7(US-EPA, 1990), Z#LiZ#i < CMB8 (US-EPA, 2001) & = Ofii F -5 | A3k X
Ay IR FAEPR A 5 O & BRI R &4 T4, (Chow and Watson, 2002),

L7 2 —FET I CMBET NV EZERBET MIARBIEND, CMBET/VTIE, 34
R0 7 7 A LRI D BN DL T — 2 RN ETh D, ZORERT 07
TANERAT D2 LI Lo TLMOREET — 212 X > THMEICRAERT 52 HEE
T&E5, oL, {RHICTOFERRBERE ZOREORBER T 0 7 7 A V2 NE L
T5Z LiE CMBIEOKREREHTHDH, ZHICx LT, ZEEET AL TIX, ZHMEDOR
BRET —Z R B L ¢, FERAERKE ZNORER T 77 7 4 LV EOEF
HREZRIFHICEHLE S L3250 TH 5, T4 Penti Paatero (Paatero and Tapper,1994)
(K-> TR & 7= 7 /L PMFIPMF2 (Positive Matrix Factorization) . ME (Multilinear
Engine) &% U*PMF3 (3-dimentional PMF) 7%, %72 Ronald Henry & (Henry etal.,1994) @
F L7z Unmix & & 612, EPA OSCR 215 CRAR T Gy — v & L CRBIZE L LT
%o UFTI, Zhobe7 ¥ —ET7 MK D PMaos B &IREOHEEIEICET 5 25
A5,

2.5.1. LET2—ETIDORE

KETT 1 Y VR OFAEIRFEDT- DD Lt 7 H —FF /L0 AN AL B2 B
FOBEZThHD, Thbb, pEOBAERMFEL, TALL LN I —KRKL T THE
BOMRESCERZSIERITHAERANRNETSH L, Bl TORETT 0 v LR+
BECITZTNZENORAEFR NS DOEGIEES | OMIERNLR 5,

i 1)
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FIEEIC, KRR T 2 Y LR FORy | O'BREEEC 1 13RO X 9125,

C, =Z,j=10;;a;;S; (2
ZIT,oailj IFAR]PLOPERAICEENDKS I OGARE, H el jI1I7
T aRr—va AREEMHEIND O T, By 1 OFAENR j L BINHLER TOZEET
HD, RESDILFERFITONWT, 7527 a3 — a3 MRHOMEIZ1 & Snb, ¥
PEICE A — R KABICH 720  KAP T FORE BT E 92 bDTIE1 TR D,
FENTCIE 1 & AR 2REZ NI TH D0, RAH TORISIZIE S R
e U RSB O & 52 e T 2376 & 5 (Sattler & Liljestrand, 2005) .

Ve E =BT VTBINT — 2O HEIRES §] 2HETL22LTHY ., miko@Ey 1
FLOBIHT — % ZH 0 5 CMB (Chemical Mass Balance) 5 /L & ZE#LOBIHIT — %
EROEHSEBETNEND D, £, CMBET /L TIIRAERICE L THoRMmERH
HZ ExAEE LTS, BRI, %%ﬁﬁpk%ﬂ%ﬂ@%éﬁﬁ%®ﬁAAﬁ@r(%
AERT a7 7 A40) BEEAMTHD Z ERROEND, ), ZEEET NV TIIZEHOE
7 — ?%%ﬁﬁ%&b%éﬁwﬁﬁﬁf%%mﬁé%iﬁ BT LR LT,
WU AT A R E L, TN ENOFRAEPFRITK L TN ERO H DR ER 71 7 7
4»&%@%%%&@%&%%#50;ﬂiﬁ%ftﬁ%f%éﬁ\%®%%diﬁ%j
ENTELT., BT — 210G Ui AT s v El ch 5,

— BT — X I3k 2 R EE R, ZORREEEBE L CR(2)BTHIERT D &
RAD X7 D,

C =A;;S; + E; ©)

ZIT, Ci HEFRSHEERZ My, Al JIEEERT 07 7 A UATHI, S 3%
AR HIRENZ ML, E DIFREICHE S RERY P TH D,

L7 X =T L TIERE@)0 bR AR T GIREZEHT 508, WEICEIREEZ ED X

INCFHM L TR | D D3 KOPETH D, Eo, MATICRIATE 28007 — #1283
BRAEPE R DL PIZ X - T, CMB, MLR (Multiple Linear Regression), PCA (Principal
Component Analysis) ., TTFA (Target Tranformation Factor Analysis) . PMF, Unmix 72 £ k%
IRFEATIE DS I AT SR EHEE IICH ST D,

KRRTT v VKA ORI R, IRFERGY . KATEEA A, 2R bSO TR 7T
FETIREREARATE 5, BHEIZT A VEFETRESND PMys OB B 4547
SN FEBERACFRDIRE TR CTE 20BN R T 5 Z &1, FFEM OS5 O
EERELMETHD,

2.5.2. CMB E®TFIJL

Lt 72— OFTRLILS AL TS DX CMB TH 25 (Cooper and Watson,
1980), Z AUILFEESAYIZIZ CEB (Chemical Element Balance) & FEIZH7-H D TH 5
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(Friedlander, 1973) 23, {LFRDTRE 2 K7 v VR O8 &R E % 5 REICH A
DLV ERNS, —IIZ CMB EFEENRD K9 1Tl o T,
CMB@%Kﬁ@i\ﬁ@%mfﬁﬁbtkaTHfwﬁﬂ%%ﬁbf%%ﬂém%%
SUET —#ZFH LT, FEREFROFERELHTET 56D T, FERAEPR 1Dk
FRTIRENRZ — (BERTR 7 7A40) PFEIITHLHZEICERLELDTHD,
TR APOPEHRL DN T, 2O REZ EfEICHETE 5 & BERT
Bl SN2 KK T v VKA O EEIL, X (2) TREINDH XL I, Zhbo%
PRI DAL FR P IRE N Z — 2 ERS ] TEREDLELLDILR D,

EES JIEH LA ] OO T OFGIRETH D, WE S NI TR FEDOEL
n SFAEFEE RELLETH D & FEMICE (2) o HRERAEZ RO TERENOR
HAROBEEFGREZ RO D Z LN TE D, BRI IO OMTIZIE, FEEcHEE
(Tracer element method)., ##JE &t Hiv5(Linear programming method). #x/)s H 3% (Ordinary linear
least-squares method). A 2045 Hikk /) H 3% (Effective variance least-squares method) 72 & A3 F
ST & 72 (Hopke, 1985) REERKTT 1 Y VR DR BEEE O A 78 b 5 AR
TaT AN e TR HRRELED OT, FRICBEL I INOMFORELBET S
%%ﬂ%@\ﬁﬁfiﬁﬁ“ﬁﬂ¢§%&ﬂ£_%w%ﬂéo

B/ N RIEL, ENENOLTFRSICHRAER T 0 7 7 AV - T — 2B L OB
WREEWIET — 2 OREIHB LB e ERIC L 2EAMMER/NERIETHD, T72

B, WO x2 #&/NMZT 5 S ## VK LFHEICEL > TRD 5,

n (C, — 2P, _a,  s)

ij
12 = 2,1 v (4)
1= i

ZIZT, AOEV  IFRATER SV, ocilIlksy i OMEITESIRZE, cajldai D
HEIEORETH D,

Vi= o2, + 2P 025(8)2 (5)

CMB V& TIL, BT — % 2> b xS ttiudak oD 32 BRS AR & ARAT 3RS HI 9 2 P k) 4 3¢
ETHULERDY  ZORRPEREZIEST D, FERAPTHIBIZFFEIN 72 b D 2358
N2 DMK TH D, TNOOBEMRSY & LT, BIEN - RAERICHEY TH 0 fExt
mm%<€imé%@ﬁ%ﬁﬂéoEﬁ%&%@%%@ﬁ@%@t@é%%iﬁ%émf

% (Cheng & Hopke, 1989), HFZFEFRAPEORINUT L - Tk, BITNIRBAERE G O
%5%fiﬁﬂéﬂt FERE A 100%aT 5 Z LN TE R 2D,

HoE SN D RAERTHIRE IV L b ATH - TIWEAICERZ 2 &7, BLFEIC
X, T ONERESKRAEE T 7 7 A VOO =12, LiIE LITAROERELR
B ENDHD, ZDOHIT, NAICRBRVWE I T RS T CRAIRET 5N
FRMT S %, KIE EPA S CMBIEIZ L ATy — & LCIEEL TV D Y 7 o =7 CMBY,
CMB8 Ti, Z OHHSA: F CHB B/ A RiEZBIE L U CRARA G-I E D HEE &
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No, m/ABREGOREGIL, FHEMSERD -, 2E, R27Z2EOHEIEL ZhEho B HE
WX o THIE SN D, FRZEITN T EERAIRO T HIREOAFHDBLIRE D 80~120%
AT L ENEEEE STV,

EPA TIFHAI T v 7 7 A /Wi, D)EER DR, )R AT, 3)FMIANE., 4) 12 E
Y ETT v b, 6) IRARRT T v Vv 1) O (KRB ICKBIIE ., EnEiixE
RENZIRD &5 e ERTH D,

WERAIR RV A, Ak, AHSEOCaREWREER A 7. BESEMBEAF
Bk - IEERB RIS, BEREIE. B A U MEERFR E

BEWRER : 74 —BLHESH Y U VEHOPER., XA VEFEE

FEPIBRIE « AR BREE, X — MEHER, BPK - MO, BEREEEMIRbE /2 &

S E - TR AKX, ERRKEE, ERRMEEL L

TWAERTET eV BRERT B =T A WHRT e U L AR E

o/ B R A O DL D IR IE, JEF (AI~U) | A 4 2(S04”. NOs'. NH,", CI',
K'. Na%), k3% (OC, EC) & & bIicHLAY (Schaueretal., 1996) Hi&IEiL s,

EPA Oftit Y 7 b U =7 ZFIH LT, CMBIEIZ &2 PMys DFEAETR % 5 B OHEE L%
< OHITITHOIL TV 5,

IMS95 (Integrated Monitoring Study 95) Tl% PM,s 2N EiEE CTdh 5 California 1 41 53550
San Joaquin Valley (ZHd & 4V 72 ZHHLS T OBLT — & 3T S 4L, FE AR AR S G-IR &
5 & v (Magliano et al., 1999 ; Schauer et al., 2000)

Glen Cass @ 7 /b — I FEEER T A LA W 2 - CRERI 22 R AR R E 23 T 5,
Los Angeles it 72 E DRI A U 7 o v =7 MUl COBLAT — # 1%k LT, FEiERSr & LT
PAH Z |3 L & L THUMNLFIZE EN D 2oL EmE Mz, ZoRER. 74 —F
NETTY ) PR XBI L, BICAREIIE T I Y D) 85% 13— Uk -8 AR H 3k
T2 LHEE S 47z (Schauer et al., 1996) ., [FIERIC California Ml SanJoaquinValley T D@17
—ZZOWVWTIE, T4 —BLEHY Y CEPROKE]E & BT, PEHEL, AR PRBE DK
B OO DX FER IR BEEE IR A X1 U 72 7 G- BE 3 HE i S 417z (Schauer et al., 2000) , ¥ 72,
Atlanta @ Supersite TELHI <3172 56 H 0> 24 FEMERBGREHZ DWW T 31 O A 1MW) % [7) &
L. ZfubE EC, Al O Si Z4REER Y & LTI L7 B 5R. OC o EF A3 A ik, B
FOFLEITHEER (36%). 7V U VEHER (21%). 7 1 —EBAHER (20%), £7-. 4%
TIIAMBREE (50%) ., # Y U U EHER (33%), AWEHEE (5%)., 7 1 —E R (4%) &
HEE &7z (Zhengetal., 2007), —RFEAETRE “RARA A 285 & HZETIE PMys
BRI D 86+13%, F-AFETIT 12+15% il Sz 2 L1272 b,

Subramanian & (2006) (% Pittsburgh \Z331) % HEI#HEAX D OC X° PM,s B E~D % 5
EEBEERATOSF~—h—FT—XZ CMBiEEZ @A L CHEE Lz, YV EET ¢
—EBNORAET v 7 7 A )V EEEICERA TR LR, A3 TIXEEFBEKD OC 1
YV EN, MGFEETIET ¢ —BARKER & o 7ehy BEORRITREENIE Off
REFIE LIz, ZOERNIIER Y & L TRIIN o~ — I —ORENFHIC L - TLE T
D, BEIHAEFERIS > TR T 5720 & ST,
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{BAEAIIZ CMB A TIIRR T T B Y VR OB « IEBIKE TD 7 77 v a x—va
DN Z T T E T2, HRRIRSE D AR 13 PMas O FEZERK S ThH O . ZIRA KL
F & B O VBN B, Liljestrand & (Sattler and Liljestrand, 2005) 17 # IRHE T ORI
PEHIARZ F S TR S U7 KB K F-(depletion factors) A L, 77 7 2 a x—3 3 L n
Wz %5 CMB iE%BH%E L. LosAngeles HiUls TOASMEIZLE ) BAROREICET LZ, 77
JvaXx—varaBRLIERERT R 7 7 AN ERND Z EIZL o T, ZIRAREERE
KT =T OFRERD 10 Kl & BRI UEE S vz,

TAREMFEICEE T2 PMys & & & sl Bl T — &% OfEMT Tk, Watson & 7% Colorado /i
Mt.Zirkel Wildness Area TOFAMNFE (Watson et al., 1996) & X NFRAQS (Northern Front
Range Air Quality Study) THOHN7ZT —ZIZOWTRARGGREN TS TWD
(Watson et al., 1998) , R4 FH CITFRIEMR DI HEOAM AR LT, YV VHOE
RS RS LT F G IREOFEZ R L, TOAMEZFFEL TV D, F72iL TIEARMA
ks & B4R T Montana 1 Missoula Valley TOFHA T & EEF AR 4 502 5 O Z=E 25603 H
BT ESTVWD (Ward etal., 2005), BE 74 T4 Lowenthal & (Lowenthal et al., 1997)
DR & ORRE ] 2N T D 7o DI AR T FIREDOHEEZIT > TVD, WTILE PMys
DE FPREDS 10pug/m3 it OIRIREHIR A R & L7 b D Th D,

B KRERNLSMIL A —A FZ U T (Chanetal., 1999), 4 (Brook et al., 2000) .
A2 (Vegaetal, 1997) .5 = =2 (Pintoetal., 1998) .5 7 7 U 7 (Engelbrecht et al., 2002) .
##[E (Park etal., 2001) . &% (Chenetal., 1997 ; Chenetal., 2001) . 9'[E (Zheng et al., 2005)
&% < OHUE TOREMEIISH STV 5D,

CMB {13 PMps LIS D KRG T 7 1 V' VK-, #IEMEA B ETR 78 & ~O ISR 25K
HE SN TW5, (Chow and Watson, 2002 ; Watson et al., 2001) ,

2.5.3. BZEEETIL
K53 Bt

CMB D4 L~ T, [AF241 FA (Factor analysis) (%, T IZHENT » TRAERESCZ
DRGSR T 2R A BB L Ligw, ZEHMOT — & &> F SR LT 510
RSO T N—T %R, F—2 ORTEEO RS A FTX A 5/NOR 5% RO H
TZENTED, Z< OB T PCARNHYIEAEIR T 1 7 7 A VOJEE EHEEITIGH S 41T
X 7= (Thurston and Spengler, 1985; Sweet and Vermette, 1992; Daisey et al., 1994), PCA T#H+
DNTRFNORAER T 07 7 A V& FHREZERI{LT S APCS (Absolute Principal
Component Scores) 4%, Thurston & Spengler (1985) (Z X > THRMIZHAA > DORK=ET
7/ VR OF AR EIIGH S, BEEORIZ X > TZoMRIZH 725 SN D HiHE S0
1000km & BEILZKRE R PEEO A RRBEIC R T2 Z LR BN SN, o, &l T
% Jeon 5 (2001) 1L KRR TT v VKL AETROFENTIZ PCA ZFIH LT 5,

% B A

L EMEMEIT MLR (X, K700 EEME IR WS EBMTED > THhb, CMB &
FBR, MLRIZE/DEFEE G ZEBEIC LTS, ZOHFETIIEIEE UTRAERD 5 WV I35
BRI N—T ZREST DB E L, BB OfIEFEEN L 7 ¥ —TORAEMR
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SREEICHBT D L ET D, MLR 1 Kneip & Kleinman (1974) . Kleinman & (1980) K& ¢
Dzubay © (1985) X o Tl &4, RAFRAEERNEONT, #iZI1X, Dzubay &I3HEH
PRI 7D Pb & JRIBAREEERL D S ZFEARIZ 8 A CfEHT L, BEhEEHERRI - Pb
WREETT Y ) VISR OEPEDOFER . KIBIZHAD L TWbH Z L aR LT, E£o, JAICE
WILECT D BRI+ O S B AL, (EFEENICTRIENSELI VA LS, )R
BRERERL 121X, KRORBMIDOEEND T L AT LTz, MLR X PCA & &b
HiLT, %ﬁi(ﬁﬁmﬂiﬁiﬁﬂ b LMy (Daisey and Kneip, 1981; Morandi et al., 1987;
Hooper and Peters, 1989; Okamoto et al., 1990) ,

TTFA

TTFAIZ FAET LO—FTH Y . KRTT v VY VKT OFARREEIC G T 8L
FHiETHD, TTFA O HENZ, {LFRERINIT — 2 & &bz, EHToBRrE &% 0f
LT, BAERKEZNSOLFERMTE LT, AEERRY < OFREMETHZ LT
HY . ZOJGHIE Hopke & (Hopke et al.,1980; Alpert and Hopke, 1980; Hopke, 1981) <o, 1%
5 L IFMANTIZ Henry (1977a; 1977b) (2 X » TiThbiTz,

TTFA L% O FA OFFEIL, AW O 2 FBITTHINE T O FA OGEITEEEIZOWT
THDHDITH LT, TTFA TIZHMEICOWTRHEAE S, A RE— N EMIENR 5 HBEA T
FlaHwsZ & Thsb (Hwangetal, 1984), Z OFBITAIOFEAGE SR EAFHMEL T, 7 —
e bR R AR ET D & BUFMICIEAER 7 1 7 7 A VIS 5171751
L EORAEPRFGIREITHY T 57 MABENTE 5, HONRFATHIENT hLn
DHER SNTAERI & R DA T 0 7 7 A VA MF R E LT, JEEERER & /B FIEIC X
ST, WHMICERO O D RER T e 7 7 AV EFGRENREH NS,

Chang 5 (Chang et al., 1988)i%, TTFA Z &> b A AZBIF D HAR T 1 7 7 A L&
T 5 DIZHV, MLR TIEHEGL S L7 7e 22 38 AR TRK - 2 fhi 45 2 & 23 T & 72, Mizohata
5 (Mizohata etal., 1995) [L HEhEL b > RV TRIE L 72 R&T T 1 Y VR ORI ESHGPH
BT — % % TTFA Tt L. BENEHERRL . BB L T L — X BEFEE DR AR
n7rANEEMN L, 7o, TTFA OBEERSBENHE R > XL TORETHAER T 7 7 7
ANVOEHIZISEH S TS (Schauer et al., 2006) .

PMF f OF Unmix

TS L 7 X —ET LD 12/ PMF Toh 5 (Paatero and Tapper, 1994), &= (6)
T xi [ BT —ZICEEND 1 FHOREZHE L TR LT | FH OSSO E(ug/m
3), giklX k HHORBAERND 1 FHOREA~OFHIRE (ng/m3), fij 1L k FH ORAEJD
JEEHORSDEAR (ug/ng) %77, CMBET /L TiE, BEHO xij KO fig DA i R
HRE L TR/DARETHGIRE ¢  MAROLNDH3, PMF TIXERMZ fig (BT 2%
REFH LW T Bz 5K6) DS 16t g & f OfAGDEEZRNHT,

Xijzzpk:1gikfkj (6)

Bt kX (7)) @ QE)EHR/NMNZT S f kg 8T 5, Z o, FERIIDRE
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HADMEIZ e 672 WS T TR RD LD,
Q(E) = Zni= 1 Zmj=1 [eij/uij] 2,8 = Xj—Zpk=1 ik fkj (7)

ZIZT, uy i3 i FHOMEO j FHOMRSREICH LTRES bIZRETH D,
HESHIZ PMas IRE LD g Linb, lﬁlmﬁﬂﬁ LoTAT—=U U718 s kd
RKoObND, fbitlcs kzflioTH (6) FROLHITEFEEZHZ b D,

ijzzkaI(Skgik)(fkj/Sk) (8)

HERHH 22 AT IZ0 L 7= PMps OBIIIT — 213, RHIMBLII 6 5T\ b IMPROVE
Fv hT—7 FHLL A BTz STN (Speciation Trend Network) | 3 72 R0 72 Mt ©1 7
7= Supersite TOBLANC X > TH S 4L, PMF % i L 72 fi##7 2% Hopke & D 7 )L — 7|2 &
> T1T# TV 5% (Ramadan et al., 2000 ; Polissar et al., 2001 ; Song et al., 2001 ; Kim et al.,
2003a),

PM,s OFEAETRFIEIC PMF 21 AT 235681213, FrIC BB EHEKUT ISR LT RSB D
FAFRKROEN S OFRAERFGIREZAMICEN T2 2 L Rk0 b5, K0 FEMZRER
é‘)ﬁﬂﬁT ZITNA D Z E1F, FRTBEP LTEBAER T v 7 7 A VORERZ XAT 5720

iﬁﬂf%é PR 3R AR 5T A B éﬁ%&iéﬁﬁ%éwﬁoc&EC&U(MM%%K
ﬁtbt . T LB IRFERGT DI AR A I XK S vie o 7o (Polissar et al., 2001 ;
Song et al., 2001 ; Kim et al., 2003a ; Kim et al., 2003b), H By HLHELRL 7 D LR IR FE Sy
ThHHN, TA4—EBNEHTY ) VETITEGHE SNV IRERR G 7 T 7 > a v DR R
725 TCW% (Watson et al., 1994 ; Lowenthal et al., 1994), (k3L HTi% IMPROVE i & I
XD T FIECIThiL, BVUrBEEE /I OC 13X 4 Koy & RILIX Sy, EC X 3 X4 DEF 8
7T varOREN G SND, ZOZLIZEBR LT, Kimo (Maykut et al., 2003; Kim
and Hopke, 2004) | IMPROVE {5 CEV B HT S AT RSB AT IR BE & AT 7 — Z 1T 2. C
PMF Tfghr L. BEYEYERKL 72T 4 —BL XV U U ECHMEIZIXE] L CTRE T
HZ EERLI,

—IZ FA TIIBLMT — % ORI fREED M B2 i S a7+ 5ui %< b, £
BHRAOBM T — & 2 W-> THRBROFENF 2, L0 FE5 O/ S WIARA 1 F Tl 6E
L2 %, Lr L PMF ChitH &40 2 F8ARIRIA - 23 3~ TRUHIL ST BF O AR CTHfR T & %

EIXR ST, BREEE D X 9 IT@ T ORAERN O DEEEL RET LD H 5, o, D
< &b PMF TIERATRNE Z FET 2 HHRIEE S, FA TlE=7T v Y VR ok
T — 4 &L BICRER T T —Z BRI T —% & LTRIHTE, X0 Junfigag
TeDIZE M e EDR[EGFEMZ IMNZ TN 2 Z L i3md THHTH 5 (Kimet al., 2003),
Hopke & |3 8L #1503 £5 0 J8 A IRALIE (T BE 3 2 15 # &2 15 2 7212 CPF (Conditional
probability function) f##T (Kim and Hopke, 2004) #E A L., #itH S /=R AERKF 22N
O OFAEPINE & BRI THEERS RO LML RET L T\ D, CPFRETTIE, £ Eh
DFEAVRIN T D FF G-I FED AL 10% DA 0 B E O SEEE 5347 255 D, J&AETRON & 1E 3
L LT% (Kimand Hopke, 2004 ; Hwang and Hopke, 2006) .
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XV iEE%4: & LT PSCF (Potential source contribution function) f#Hr 238 A i, PMF
& PSCF L DfAEHE T, =T OF/AERDOAE L BHRST THEE S LD,

Polissar & (Polissar et al., 2001) (3 H#R¥E D Vermont J11 Underhill ¢ 1988~1995 40
IMPROVE #1illl T# 57z PM 7 — 4 % PMF Tt L 11 A7 & Hhi L7z, 260 6 (K1
(ZDUWNTUL, ARMBRBE, ARBREE. ATBREE. A RIRBEHELE Y &b P Epmiisti, &8
il & IR EA], B EhEHER & BIMRICR AR FE S, 5525 5 RFITRT DI AETR
ZRET D727 Y VK7 — 2 L RSO % TR & 2 BfR-51F 5 PSCF (Potential
source contribution function) FEHT2MTio4L, 5 OFEAEPEHIE N FE S il PMF IZ PSCF
ERAEDOEDLZ EICL o T REREENL DM EZFRETE S Z & DR S 41, NewYork
JNFEPE > Stockton >AEER D Potsdam (Liu et al., 2003) . #3r ™ Underhill T FfiEdT (Gao
etal., 2006) I[ZFIFH ST\ 5, F7=, [AERIZ Toronto TOELHIT — ¥ & PMF T T 5 i
T FE AR R 1 % 74 UM AT OFE R & B3R ST TR S Tunv%d  (Leeetal., 2003)

EPA Tl PMps OBIHIEAIZ - T STN 2% (i L. Ml TORK[ T 7 Y Lk + Ok
PRI ICEH TN D, ZD STN YA~ Th % California M SanJose @ 4th Street } TF Jackson
Street ™ 2 i1 C 2000 4= 2 H 7> 5 2005 4 2 H &£ TG BT3RO 30T R 3 PMF T
Mran, BAEREZNDOFGIBENHEE X7 (Hwang and Hopke, 2006) , SanJose 5
I i3d ) 4th Street TA X — K L7228 2002 =D HEEIZ 1 km 1 EBfEdL7= Jackson Street |25
BRI, ZOBITIL, AMEREE, “IWRAERREIEE, TIRAERKEEE, BriE iR - &
WEERL - B ) B EEEEE, T ¢ — B VKO NIZBIfR Lz T 9 AR 1
DTvT 7 ANEFERENEH SN, CPFMATICE > T, FHEE RN EORBFRL
oM ST, MR O 5IRE 2 i L2/ R, 2o L 9 2Bl o Bk ClIFE
ENTHAROTIIITIE & A EEBENRN-T208, PMF TH LN HFSREIZETE T O
RN BT,

KE LSO ik T AP AT GHEE IS STV 5 (Xieetal., 1999a; Lee et al., 1999 ;
Chueinta et al., 2000 ; Song et al., 2006), F£7-. PMF & CMB % & O LA S 41, PMF g
DOAFHEMEA FPED R LT % (Maykut et al., 2003 ; Poirot et al., 2001 ; Xie and Berkowit,
2006 ; Liang and Fairley, 2006 ; Song et al., 2006 ; Paateroet al, 2005 ; Henry, 2005 ; Henry, 2003 ;
Henry et al., 1994 ; Mukerjee et al., 2004 ; Larsen and Baker, 2003 ; Lianga et al., 2006), AMS

(Aerosol mass spectrometer) TG HALTZT — & OENTIZ S S, AR O R AR [F]
EDHABETH D Z & IR EI 7= (Zhang et al., 2005), H T Tl Hopke & 7 b— 7 LIS D FE
FloLrHELHA LS (Brown etal., 2007),

Lewis & (Lewis et al., 2003) (% Unmix L & 7 % —%5 L% Phoenix T b 7= 34EM D
PMps7 — % OFENTICEH L T 8RR T v Yy VR D58 Cof HEEZ D TR LT,
IR U T — & OfENTIZ & - TR B 7z PMF TOf%$ (Ramadan et al., 2000) & kb L,
T A —BNHERRL T a2 RS 4R (T U U E RIS, TEEMERL . FRE
H) IZoWTIRIFE & T 2R A2 7243, SEM(Scanning electron microscopy)iZ & - CTHAE
DR SV G- DO/ S WA (kL S8, B, 77947 v =) 1220
TIIERTE R o7-, £7=. Pittsburgh TOFREERE (Anderson et al., 2006) (2 & F]
ENTWVDEN PMFIEEIEZE L 720,

Unmix TIEWAWAZR T L3 Y XA ZBRE L CRAER L FHIRENRE SN D, Fl21E
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A PR REZFH L2 B 27 ViS58 7 L= U X A (Henry, 1997) 12 &> T, PMF
EIXDRIDIED KD BV DD, BTN RFIKGFT D L Svd, £/, PCALZFIHI LTz
7T Y XL NUMFACT TIERFEHEE TE % (Henryetal, 1999), Zi1H THLILD
HLIE PMF OIS A TE 5, Henry 122 O3B O FIEOBAFICE Y FLA TV 5 (Henry,
2005 ; Henry, 2003 ; Henry, 2002 ; Henry et al., 1999 ; Kim and Henry, 1999 ; Kim and Henry, 2000) .

2.5.4 TR\ VRV A=y —FETIL

KIE EPA 1% PMys B il B OFEVERIE L (FRM) & #L7E LTV % (40 C.FR. Part 51 and the
EPA Quality Assurance Manual ), Z ® FRMEIZ L7223 > THIE S 415 PM,s & &L 2%}
LC, KERERKQEIEE (NAAQS) kO LN TS, LML, KRaxzT v Y Vki§d
K2 BT 572 0I121%, TOEEREZ T TIE o TRY, AT RA) 77—y
—ET /ML, FEEICLDEERELZZOFEFRMREN OIS NTREIZL - T
MEEEREZHALELY ET200THD,

PMos I E DR BIRES D o TWT, ZNENEZRET H 2 LIIRETH D, £D7-
W, ZZ 204ELL EDR], PMys A A, OC K WNEC, KOVHHEEMER 1 3 E8 ks
Ik TS TWwWb, FIZ IMPROVE (Interagency Monitoring of Protected Visual
Environments) % v kU — 27 Cid, 1988 425 IMPROVE 7 ¢ /v & %275 % T PMys
D 24 W IEFHE D 2 Bl DX — 2 THelT T T 15 b slBt o k2o 7 — & )
B PMys D FAEEERE IR D L 2 TR S D,

T 2T, PMas (ZHHY 9 2 3k 1R FE (Soil) i, gk o> ek Ok oFn & LT
RHR SO, BAROTFELEZEINTZROGEEZ MWK THEI NS,

Soil =2.2Al1+2.49Si+1.63Ca+242Fe+1.94Ti (10)

Lowenthal & (Lowenthal et al., 2003) % IMPROVE % v kU7 — 27 CHLUAI & 417~ 1988 47>
5 1999 FE DT — & Zfifhir U, BLUAIRERT A 50 H LLF O 2 Br < 59 Hislz oW\ C, A
DOFESRERREE L MRICLIIEEREDOLTH S RM LA IR L2 fE R, T oEH
T—Z TRMIIZ1LL T TH -7z, RM HLOHIFHIL 061705 098 TH V| 2FHT0.88 &
12% D/ NI T > - 72, IMPROVE O FEAESLET B #1213 Na, Cl, NO* & UM b4 g e 36
DEENRNDOT, ZIHZMATEETHE. RM TV 3%HM L7, £7-, 062
225 0.92 ~& 0% L7 A S & 0 | MEEICUT O HLE TR 723 PMys IR EE D H3 72
DDA EED TS Z EDE 272, IMPROVE & PM,s i o FAE LR 2 Na, CI.
NO*" M UMM BEAB LRI EEN TRV N Nlio—KE S d, EFELLED
RM Lt bified2 & 59 #ifih 51 ML CA RO NEF LY L K&l & a7, 2
AHRRFBEOREIAED T —T 4 77 7 MaEEHE7 4 V21285 VOC Wi DOFfE) kT
OC IR D> b IR E ~DEBARIL 142N FE D Z & (Turpin & Lim, 2001) A3 EK T
B, FED TH D HEE-CHERIE O AR WITBIE L & &,
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1995 A{Z Great Smoky Mountains [E 372\ C %k X 417- SEAVS(Southeastern Aerosol and
Visivility Study) TiZ, K&=7 v Y ViDL F RSy, FREE & OO FHIE O BLR % i
MmHDHZEBLHFFEEEMD 1> TH-7-, Andrews & (Andrews et al., 2000) 1%, FEx OH|E
FER AN L CL JIE SNTAL PR IREIZ L o TIEE T E 2 0ARB 31X PMys B &R
FED 28~42%\Z 2 L, T DOIREFEITHERL (23 05 K5 OHEELHERRZE TILAH T
b Lz, 72, 2@ SEAVS TOMERE R T 16 o> 3Lk & Al U 72 AR 224158
S A DR 72 68 MR OBIAGE R A2 fi#HT L, OCIRIE & Ry L OMICEENH S Z & 2R
L7zo PMps B mRIREE L ALSERRANIC K 2 FHBELIRE L 072 RIT, (1)0C DRt L oHric L %
FHFE, (2)0C 7 & AR L 2 e 2 AR E 0w/ NaFA . (3) A M DK 43 WIN D F B2 &
ST TE % EfEim L7z,

PAQS (Pittsburgh Air Quality Study )?>— & L C., K[H Pittsburgh ¢ 2001 4F X /> 5 2002 4
AFETO T 7 A, HAORK=T v Y VEH#HED FRM LT, £722 DILFRG 58T
FHEA D7 4 VA FHEIC K DHE & & BITEGHER TIThiL, FRMIEIZ KD PM,sE &
I LAL PR IRE & DO~ AT AN F S 7z (Reesetal., 2004), Z DOfESH, FRM %
28D PMos EEIRE O RMIM AT, (LFRDREDORFLY b 11%EBKRKTHY, ZD
ZIFEIC Lo TEE L, EFRITIT17%RE S BBHZ L > TT 30%IC b L7223, 45
TiX FRM BEIIE TR 2256 bbo7aBNZ LAY —H LT, FHICL o TvANT
VADR—EORRENET HZ L1, WEDRRETITIATE T, 7 0 V¥ OKGIRFF
& OFEEHRR SRR S vz, KO FEIL. EFRITIE FRMIBE D 16%., 47:121% 8%
L2 Y KRG DOLRFHIFMEEE S S W R b RE S oo Te, o, HBHRKIIEZIZ 5%,
AR 9% EHEE S, AT T 1 VLB R & D W T4 FE CRE IR 23 R AY
CRBEOLAICEZ 2 Z ERHLNI R o1z, ZHINERFEOFE ST FRM 7 ¢
WA SN D =T 1Yy VDK EEEBIRK L IC X D L S T,

PMys 2 TN PMygos DFAETR, b5y, b O EEEm ZH 50T 572912, KE
D B ik ¢ SEARCH  (Southeastern Aerosol Research and Characterization Study) 73 1998
NS 1999 4R (2 50 S 41, FRMEIZ X 5 PMys B & FE 23 AT S 7172 (Edgerton et al., 2005)
FRM {EITREIRIE. 7 F =7 L KT OC DHEBHRKIZL > T, PMosEEIRE 2 3~7%:it
PRI L TEY . RRTT 1 Y VKA ORI 21T 5 72 0121E, 26 sy OffEiE R
ZAONITTHHE R DD L ST,

KEZ T TR, BRMNTEH PMys BEIRE L LTy & D~ AT U AREE & Ty
% (Sillanpaa et al., 2006) , 2002 ZEFkZ=7> 5 2003 EEEZ&= % Tl KN 6 Eidid Ny 7 750
> K (Duisburg/Germany, Prague/Czech Republic, Amsterdam/Netherlands, Helsinki/Finland,
Barcelona/Spain, Athens/Greece) TIAIK., PMys B EiREE &AL F Ry & OBk &AM IES
LTI, PMas M ONPMygps B EIRE L L B2, TN O DT & LKA 4> 2
TR M OUK AT, JTURRIRER K OFEE IR OURE D HE STz, PMys B &R T
8.3 ~30 pg/m3 T, FEERRDITKARN Y & WA A4 2 R OMHERL - CTh -7, BRI
BRI, PMys B S 2 0O T2 ] O A5y TR S 4L72 PMos B EIR LD 79~106%
DT EBRHLMNI I N,

AR, FERICK D PMys B EIBES 1T, TEMEE (FET v T=v A, WEET
E=U L, HET =D L) REMS OCFERRF L OEEY) . FESREICHRICLD
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TRV R OMERRL - TR TE 5, Lol R LRSI D 7 ¢ L2 887
5 L RSN DR OMBIRL RV RNE (U k., WIRrE, RN OEE, 5
WETHIERF OKR SRR LT, FFEIC K DERRE &L NREN O BERE SN EE
IRIE L DEDPBEF TR D ZEDNH D, FHIIZE LT, 7 4 b Z R ML 53T B
THRDZEIEENTETH L EEFA LD,

(1) FEOEELLRLITFT 7oy 7 4 VX EERFIZICGEEICFET S 2 &

(2) FHEMHET 4 V2 X DAR#E (0C) HIEHFEHEERIC X 2 A oW - 1
B & HTICRE S R E

(3) OC LD b AT KW IR I 2 HEE T 2 %2 o H

(4) MEHT 7rr 74V ENOOMEEE, 7= LK1 0C OFEHEEK

2.5.5. ELAFIAE

NZFEAEVRIN S O—RLA DT D b DITACA BRI/ S A A~ ZPREFDPRBEIZ A 5 B 1
TdhD, BREHMRBEIZ L L CREBELIRE L OBLIISTHY ., TOTERIIRETHD, =
DIRFBINIRERNARD 12C (TFEFE 98.90%) & 13C (A 1.10%) & fhHERIMAAD 14C
Wb WEOERRRIZE > TIHORBFRMEOEZENLEEGNRLRD, ThbFEA
ROALFHI R BB TR0, — IR E B 22T K » TR IEFR A O FEZE b C R4 23 B
DIEZ DL END, WY TIERBEREIEER TIZRMARSBENE Z 0 . RRFPOHFLEL LD
HZU 12C PHEIRICED iIAE D, 14C IFKREHF uN &EFHEBRFPMET & OBKSIZ L -
THARRE AV, ZONEHIT 5730 - CTh 5, MM OAMIEENDMFIET 5 & 14C DELY IAL
fE1E S, AR O 1uC TR E > TEE LD T 5, Apkd b R L2k
FBREFR DO RFITIE 14C DBEFENRND T, BREEICFE - THEH & 2R -0HERIZIE 14C
ITEENRW, i, KMORITE THEE TWTEWE OREEZ X - T & 5 REICIX
1uC NEEI, 14C L RRFDHIT KK REET A O & FIEFH L TV D, fE-> T, 7k
WZEENDIRFAH D 14C L& il U T, LA R DRBERL T & A F~ AT E D ¥
R & ZXBI4 5 Z &N TE D (Currieetal., 1984, 1989 ; Alessio et al., 2002 ; Takahashi
etal.,2007),

WD X D ITER SN D IRFERNAAL (13C1h2C) DZEAL 813C (%) b FEAETRIEE IZHI A &
b,

515C (%) = (Rsa/Rst—1) x 1000 (%o) (10)

ZZ T, Rsa KU Rstid, £ LAl OHEHEYE V-PDB  (Vienna-PeeDEE Belemnite)
TOOE (13CH2C) TH D,

PREERT O IR B RINRLLIZ NP IZE U< Th, BIERRRIC X - TENBEFITAE L,
7 m Y VRO §13C HZ EMEICHIET D Z LIk - T 7 o — B PR BHA bE
EHV Y ARBNIKIRT A Lo 2RI OBREEF TR & % XBII¢& % (Widory et al.,
2004) , At o E 0 57 e R0 M R U T o0 BT, SREATE R IR TE 2 & IS 2 T TR
DI DN H D05, T DREREERFE D 813C S [FERIZHIZ 20T TR 25 Lo, Holi
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HIR D T HE T HUIEZ > THBRZR 22N H Y | IREEMEIRSE D 813C H3 7 A NSRRI A
BT R U RIS mv & & (Wang et al., 2005), F7-. 813C fE D L]
ENDLZT Y VRLHFIIZT X ED X S 7% CA MNP OEBEEZFRIELTHLH 5
(Martinellia et al., 2002) ,
RS LIIMT IEE DL TERNAR I 2 56 AR TR EF 5-HEE 72 £128h (Mukai et al., 2001; ) ROt 2
(Jenkins and Bao, 2006) A k= F 7 A7x & (Kanayamaetal., 2002) NFH I 5,

2.5.6. £&®H

IMPROVE * v U —7 OIEMATEME Iz PM OJIEHAN & ol EEH SN -8
T — 2 DEFEDY PMas AR IR ARG G- REZIL U & Lo MR E O IZTE H S
N TW5, IMPROVE v hU—27 OARKO BN TH HREZFHMET H720lc, =7 vy
NRLADACFREAIREN LI TH Y | MR, TR BEEENNETH D, ZOREEHE
BE LT, EERSTOSHED D L LT E &N 7 ¢ L X FEEE CHIE S = uh
KL RE LR ONTHETBTI22E0NROENTZ, TOTANRNT A7 B —T v —
WL DREEENREDO ROVRET —# 2t L. CMB IEX° PMF f#HT1Z & 2 538 AR % 5
BEOHEEIZRWIZERRL T\ 5,

PMmmﬁﬁ%# ZHifE LT, CMBIEIZ L2 RAR T HIREDOHEENE L L Tho T,

DO FAIT R AR T GIRERT DD, EPAIZX > T CMB B Y 7 kMgl —v
&Lfﬁkéﬂt_&ﬁéfEﬂéCMB%@ﬁ&k&%’ZE&éﬂéigﬁiﬁfm
T ANDIE, SOITHEIERS ZHEME CTIET 5 Z EI2L > T, PMas DERRST TH D
IRFERR P FAETR DR ENZE L ES N,

S 512 PMys DELHI#£ I IEH A3 E - 72 STN X° Supersite TOFHAMIEIC L > T, KED
FEEEHINZRET — 2 NS D X oo To, 2o OBRENHR AT 25—
L& LT, EPAIZPMF & Unmix Z#:H L. CMB D4 & [FIRRICHENT Y 7 b 7 =7 Z 14k
LR, BRET — 2 OBNORERGFERE L RBER T2 7 7 A VEHETE DL L DI
ol TNHEERET IC L DN CIXERIZRFEAETRERITSLE L LA, T
HOMRWRAERK A S NS Z 03B D, Hopke 5 1d PMF f#HTIC L > TR Bz =
T a Y NV OFARNE A PSCF f#HT I X o TRLIHLSUTEE O 7 Cre < 7 i X 534
JREBMRSIT D Z Ligksh LTz,

UED L 9ic, RRT7 vy )WhAORARTFGHEE IR > THELWERN & 505,
ZOBEFATIIMERER EOFE L3 B — 05 - TR OFIER B X D, KRR=T
SI% A %flil/“aﬂ ZHAT ST S AMS (Aerosol mass spectrometer) D EFL, T 615
HIVDT — ZRITIC K o THBKLF DI AERMT & FRRIC > TV b, S, 20D
FELWRENRTHISND,

41



ZE SR

1.Alessio, M. ; S. Anselmi, L. Conforto, S. Improta, F. Manes, L. Manfra (2002)
Radiocarbon as a biomarker of urban pollution in leaves of evergreen species
sampled in Rome and in rural areas (Lazio Centralltaly); Atmospheric
Environment 36, 5405-5416.

2.Alpert, D.J.; Hopke,P.K. (1980) A quantitative determination of the sources in the
Boston urban aerosols, Atmos. Environ., 14, 1137-1146 .

3.Anderson,R.R.; Donald V. Martello, Leonard J. Lucas, Cliff I. Davidson, William K.
Modey and Delbert J. Eatough (2006) "Apportionment of Ambient Primary and
Secondary Pollutants during a 2001 Summer Study in Pittsburgh Using U.S.
Environmental Protection Agency UNMIX", J. Air & Waste Manage. Assoc.,
56,1301-1319

4.Andrews, E.; Saxena, P.; Musarra, S.; Hildemann, L.M.; Koutrakis, P.; McMurry,
P.H.;Olmez, 1.; White, W.H. (2000) Concentration and Composition of Atmospheric
Aerosols from the 1995 SEAVS Experiment and a Review of the Closure between
Chemical and Gravimetric Measurements, J. Air & Waste Manage. Assoc. , 50,
648-664.

5.Brook, J. R.; Woodhouse, S. A.; Blanchard, P.; Dann, T.; Dabek-Zlotorzynska, E.;
Goldthorp, S.; Wiebe, A.; Li, S. M.; Guise-Bagley, L.; Hoff, R.; Mamedov, A.;
Hanson-Smith, L.; Nejedly, Z.; Campbell, J. L.; Chow, J. C. (2000) Chemical mass
balance analyses of Toronto area PM2.5; Report No. AES/AQRB-PERD-04.
Prepared by Environment Canada: Toronto, ON, Canada,

6.Brown, S.G.; Anna Frankel, Sean M. Raffuse, Paul T. Roberts, and Hilary R. Hafner
and Darcy J. Anderson (2007)"Source Apportionment of Fine Particulate Matter in
Phoenix, AZ, Using Positive Matrix Factorization", 57, 741-752.

7.Byun, D.W., Ching, J.K.S., (1999). In: O.0.R.a. Development (Ed.). Science
Algorithms of the EPA-Models-3 Community Multiscale Air Quality (CMAQ)
Modeling System.

8.Chan,Y.C.; R.W. Simpson, G.H. Mctainsh, P.D. Vowles, D.D. Cohen, G.M. Bailey
(1999) "Source apportionment of PM2.5 and PM10 aerosols in Brisbane (Australia)
by receptor modelling", Atmospheric Environment 33, 3251-3268.

9.Chang,S.N.;Hopke,P.K.;Gordon,G.E.;Rheingrover, S.W. (1988) Target-transformation
factor analysis of airborne particulate samples selected by wind-trajectory analysis,
Aerosol Sci. Technol.,8, 63-80.

10.Chen, K. S.; Lin, C. F.; Chou, Y. M. (2001) "Determination of Source Contributions
to Ambient PM2.5 in Kaohsiung, Taiwan, Using a Receptor Model", JAWMA, 51
(4), 489-498.

11.Chen, W. C.; Wang, C. S.; Wei, C. C. (1997)"An Assessment of Source Contributions
to Ambient Aerosols in Central Taiwan", JAWMA, 47 (4), 501-509.

12.Cheng,M.D.;Hopke,P.K. (1989), Identification of markers for chemical mass balance

42



receptor model, Atmos. Environ.,23,1373-1384.

13.Chow, J.C., and Watson, J.G. (2002). “Review of PM2.5 and PM10 apportionment
for fossil fuel combustion and other sources by the chemical mass balance receptor
model.” Energy & Fuels, 16, 222-260.

14.Chow, J.C.; Watson, J.G.; Crow, D.; Lowenthal, D.H.; (2001) Merrifield, T.
Comparison of IMPROVE and NIOSH Carbon Measurements; Aerosol Sci.
Technol., 34, 23-34.

15.Chow, J.C.; Watson, J.G.; Pritchett, L..C.; Pierson, W.R.; Frazier, C.A.; Purcell, R.G.
(1993) The DRI Thermal/Optical Reflectance Carbon Analysis System: Description,
Evaluation and Applications in U.S. Air Quality Studies; Atmos. Environ. , 27A (8),
1185-1201.

16.Chueinta, W.;Hopke, P.K., Paatero, P. (2000) Investigation of sources of
atmospheric aerosol at urban and suburban residential areas in Thailand by
positive matrix factorization. Atmospheric Environment 34, 3319-3329.

17.Cooper,J.A.;Watson,J.G. (1980) Receptor oriented methods of air particulate source
apportionment, J. Air Pollution Control Assoc.,30, 1116-1125.

18.Currie,L.A.; Flecher,R.A.; Klouda,G.A. (1989) Source apportionment of individual
carbonaceous particles using 14C and laser microprobe mass spectrometry,
Aerosol Sci. Technol., 10, 370-378 .

19.Currie,L.A.;Gerlach,R.W.;Lewis,C.W.;Balfour,W.D.;Cooper,J .A.;Dattner,S.L.;De
Cesar,R.T.;
Gordon,G.E.;Heisler,S.L.;Hopke,P.K.;Shah,dJ.J.;Thurstron,A.C.;Williamson,H.dJ.
(1984). Interlaboratory comparison of source apportionment procedures: results for
simulated data sets, Atmos. Environ.,18,1517-1537.

20.Currie,L.A.; Klouda,G.A. (1984) Atmospheric carbon: The importance of
acceleration mass spectrometry, Nucl. Instru. Methods Phys. Res., B5, 371-379 .

21.Daisey,J.M.; Kneip,T.J. (1981) Atmospheric particulate organic matter;
Multivariate models for identifying sources and estimating their contributions to
the ambient aerosol, In atmospheric aerosol:Source/Air Quality Relationships, ed.
Macias,E.S.;Hopke,P.K., ACS Symp. Series 167, American Chemical Society,
Washington,D.C.,197-221.

22.Daisey, J.M., Mahanama, K.R.R., Hodgson, A.T. (1994) Toxic volatile organic
compounds in environmental tobacco smoke: emissions factors for modeling
exposures of California populations. California Air Resources Board, Report No.
A133-186.

23.Dzubay,T.G.;Stevens,R.K.;Balfour,W.D.; Williamson,H.J.;Cooper,J.A.;Core,J.E.; De
Cesar,R.T.;Crutcher,E.R.;Dattner,S.L.;
Davis,B.L.;Heisler,S.L.;Shah,J.J.;Hopke,P.K.; Johnson,D.L. (1984). Interlaboratory
comparison of receptor model results for Houston aerosol, Atmos.
Environ.,18,1555-1566.

43



24.Dzubay,T.G.; Stevens.R.K.; Gordon,G.E.; Olmez,l.; Sheffield,A.E.; Courtney,W.d.
(1988), A composite receptor method applied to Philadelphia aerosol, Environ Sci.
Technol., 22,46-52.

25.Edgerton, E.S.; Hartsell, B.E.; Saylor, R.D.; Jansen, J.J.; Hansen, D.A.; Hidy, G.M.
(2005) The Southeastern Aerosol Research and Characterization Study: Part II.
Filter-Based Measurements of Fine and Coarse Particulate Matter Mass and
Composition, J. Air & Waste Manage. Assoc., 55, 1527-1542.

26.Engelbrecht, J. P.; Swanepoel, L.; Chow, J. C.; Watson, J. G.; Egami, R. T. , "The
comparison of source contributions from residential coal and low-smoke fuels,
using CMB modeling, in South Africa", Environ. Sci. Policy, 2002, 5, 157-167.

27 Friedlander,S.K. (1973) Chemical element balances and identification of air
pollution sources, Environ. Sci. Technol.,7,234-240.

28.Gao, N.; Amy E. Gildemeister, Kira Krumhansl, Katherine Lafferty, Philip K.
Hopke, Eugene Kim, and Richard L. Poirot (2006), Sources of Fine Particulate
Species in Ambient Air over Lake, J . AWMA, 56, 1607-1620.

29.Gordon,G.E.;Pierson,W.R.;Daisey,J.M.;Lioy,P.
J.;Cooper,J.A.;Watson,J.G.Jr;Cass,G.R. (1984) Considerations for design of source
apportionment studies, Atmos. Environ.,18,1567-1582 .

30.Harley,R.A.;Hunts,S.E.;Cass,G.R. (1989). Strategies for the control of particulate
air quality: Least-cost solutions based on receptor-oriented models, Environ. Sci.
Technol.,23, 1007-1014.

31.Henry,R.C. (1977a) The application of factor analysis to urban aerosol source
identification. In Proc.Fifth Conf. on Probability and Statistics in Atmospheric
Sciences, American Meteorological Society, Las Vegas, Nevada, 134-138.

32.Henry,R.C. (1977b) A factor model of urban aerosol polution.Ph.D. dissertation,
Oregon Graduate Center, Beaverton,Oregon.

33.Henry, R.C. (1997) History and Fundamentals of Multivariate Air Quality Receptor
Models, Chemom. Intell. Lab. Syst. 37:525-530.

34.Henry R.C. (2002) Multivariate receptor models- current practices and future
trends. Chemometrics and intelligent laboratory systems 60: 43- 48.

35.Henry R.C. (2003) Multivariate receptor modeling by N-dimensional edge detection.
Chemometrics and intelligent laboratory systems. 65: 179-189.

36.Henry R.C. (2005) Duality in multivariate receptor models. Chemometrics and
intelligent laboratory systems. 77: 59-63.

37.Henry, R.C., C.W. Lewis, and J.F. Collins (1994) Vehicle-Related Hydrocarbon
Source Composition from Ambient Data: The GRACE/SAFER Method, Environ.
Sci. Technol. 28:823-832.

38.Henry, R.C., E.S. Park, and C.H. Spiegelman (1999) Comparing a New Algorithm
with the Classic Methods for Estimating the Number of Factors, Chemom. Intell.
Lab. Syst. 48:91?797.

44



39.Henry,W.C.; Lewis,C.W.; Hopke,P.K.; Williamson,H.J. (1984). Review of receptor
model fundamentals, Atmos. Environ.,18,1507-1515.

40.Hopke,P.K. (1981) The application of factor analysis to Urban aerosol source
resolution. In Atmospheric Aerosol:Source/Air Quality Relationships, ed.
Macias,E.S.;Hopke,P.K.,22-49, ACS Symp. Series No.167, American Chemical
Society, Washington,D.C..

41.Hopke,P.K. (1985) Receptor Modeling in Environmental Chemistry,
Wiley-Interscience, New York.

42 Hopke,P.K.; Lamb,R.E.; Natusch,D.F.S. (1980) Multi-elemental characterization of
urban roadway dust, Enviorn. Sci. Technol., 14, 164-172.

43 Hooper,R.P.;Peters,N.E. (1989) Use of multivariate analysis for determining
sources of solutes found in wet atmospheric deposition in the United States,
Environ. Sci. Technol.,23, 1263-1268.

44 Hwang,C.H.; Severin,K.G.;Hopke,P.K. (1984) A comparison of R- and Q-modes in
target transformation factor analysis for resolving environmental data, Atmos.
Environ.,18,345-352.

45.Hwang, I.J. and Hopke,P.K. (2006),Comparison of Source Apportionments of Fine
Particulate Matter at Two San Jose Speciation Trends Network Sites, JAWMA, 56,
1287-1300.

46.Jenkins, K.A.;Huiming Bao (2006) Multiple oxygen and sulfur isotope compositions
of atmospheric sulfate in Baton Rouge, LA, USA; Atmospheric Environment
40 ,4528-4537.

47.Jeon, S.J., Meuzelaar, H.L..C., Sheya, S.A.N., Lighty, J.S., Jarman, WM., Kasteler,
C., Sarofim, A.F., Simoneit, B.R.T.; (2001) Exploratory studies of PM10 receptor
and source profiling by GC/MS and principal component analysis of temporally
and spatially resolved ambient samples. Journal of the Air and Waste
Management Association 51, 766-784.

48.Johnson,D.L.;Davis,B.L.;Dzubay,T.G.;Hasan,H.;
Crutcher,E.R.;Coutney,W.J.;Jaklevic,J . M.; Thompson,A.C.;Hopke, P.K. (1984).
Chemical and physical analyses of Houston aerosol for inter-laboratory
comparison of source apportionment procedures,Atmos. Environ.,18,1539-1553.

49. Kanayama,S.; Sadayo Yabuki, Fumitaka Yanagisawa, Remi Motoyama (2002) The
chemical and strontium isotope composition of atmospheric aerosols over Japan:
the contribution of long-range-transported Asian dust (Kosa); Atmospheric
Environment 36, 5159-5175.

50.Kim, B.-M., and Henry,R.C. (1999) Extension of Self-Modeling Curve Resolution to
Mixtures of More Than Three Components. Part 2: Finding the Complete Solution,
Chemom. Intell. Lab. Syst. 49:67-77.

51.Kim, B.-M., and Henry,R.C. (2000) Application of the SAFER Model to Los Angeles
PM10 Data, Atmos. Environ. 34:1747-1759.

45



52.Kim, E.; Hopke P.K. (2004) Source Apportionment of Fine Particles in Washington,
DC, Utilizing Temperature-Resolved Carbon Fractions. Journal of Air & Waste
Management Association 54, 773-785.

53.Kim, E., Hopke, P.K., Edgerton, E.S. (2003a) Source Identification of Atlanta
Aerosol by Positive Matrix Factorization. Journal of Air & Waste Management
Association 53, 731-739.

54.Kim, E.; Hopke, PK., Paatero, P., Edgerton, E.S. (2003) Incorporation of parametric
factors into multilinear receptor model studies of Atlanta aerosol. Atmospheric
Environment 37, 5009-5021.

55.Kim, E.; Larson, T.V.; Hopke, P.K.; Slaughter, C.; Sheppard, L.E.; Claiborn, C.
(2003b) Source Identification of PM2.5 in an Arid Northwest U.S. City by Positive
Matrix Factorization; Atmos. Res. 66, 291-305.

56.Kleinman,M.T.; Pasternack,S.; Eisenbud,M.; Kneip, T.J. (1980) Identifying and
estimating the relative importance of sources of airborne particulates, Environ. Sci.
Technol.,14,62-65.

57.Kneip,T.J.; Kleinman,M.T.; (1974) Eisenbud,M.: Relative contribution of emission
sources to the total airborne particulates in New York City, In Proc. Third Int.
Clean Air Congress, Dusseldorf, West Germany,C96-C97.

58.Larsen R.K., and Baker J. E. (2003) "Source Apportionment of Polycyclic Aromatic
Hydrocarbons in the Urban Atmosphere: A Comparison of Three Methods",
Environ. Sci. Technol., 37, 1873-1881.

59.Lee, E.; Chun, C. K.; Paatero, P. (1999) Atmos. Environ., 33, 3201-3212.

60.Lee, PK.H, Brook, J.R., Dabek-Alotorzynska, E., Mabury, S.A. (2003) Identification
of the Major Sources Contributing to PM2.5 Observed in Toronto. Environmental
Science and Technology 37, 4831-4840.

61.Lewis, C.W.; Norris, G.; Henry, R. (2003) Source Apportionment of Phoenix PM2.5
Aerosol with the Unmix Receptor Model, J. Air & Waste Manage. Assoc.. 53:
325-338.

62.Liang,J.; Ajith Kaduwela,b, Bruce Jackson, Kemal Gu" rer, Paul Allen (2006)
Off-line diagnostic analyses of a three-dimensional PM model using two matrix
factorization methods; Atmospheric Environment 40, 5759?5767.

63.Liang, J.; Fairley,D. (2006) Validation of an efficient non-negative matrix
factorization method and its preliminary application in Central California;
40,1991-2001.

64.Liu, W.; Philip K. Hopke, Young-ji Han, Seung-Muk Yi, Thomas M. Holsen, Scott
Cybart, Kimberly Kozlowski, Michael Milligan (2003) Application of receptor
modeling to atmospheric constituents at Potsdam and Stockton, NY; Atmospheric
Environment 37, 4997-5007.

65.Lowenthal, D.H.;Naresh Kumar; (2003) PM2.5 Mass and Light Extinction
Reconstruction in IMPROVE. J. Air & Waste Manage. Assoc. 53, 1109-1120.

46



66.Lowenthal, D. H.; Wittorff, D. N.; Gertler, A. W.; Sakiyama, S. K. "CMB Source
Apportionment during REVEAL", J. Environ. Eng. 1997, 123 (1), 80-87.

67.Lowenthal, D.H.; Zielinska, B.; Chow, J.C.; Watson, J.G. (1994) Characterization of
Heavy-Duty Diesel Vehicle Emissions; Atmos. Environ. , 28 (4), 731-743.

68.Magliano et al. (1999)

69.Magliano, K. L..; Hughes, V. M.; Chinkin, L. R.; Coe, D. L.; Haste, T. L..; Kumar, N.;
Lurmann, F. W. (1999) "Spatial and temporal variations in PM10 and PM2.5
source contributions and comparison to emissions during the 1995 integrated
monitoring study”, Atmos. Environ., 33 (29), 4757-4773.

70.Martinellia,L..A.; P.B. Camargo, L.B.L.S. Lara, R.L. Victoria, P. Artaxo (2002)
Stable carbon and nitrogen isotopic composition of bulk aerosol particles in a C4
plant landscape of southeast Brazil; Atmospheric Environment 36 2427-2432.

71.Maykut,N.N.; Lewtas, J., Kim, E., Larson, T.V. (2003) Source Apportionment of
PM2.5 at an Urban IMPROVE Site in Seattle, Washington. Environmental
Science and Technology 37, 5135-5142.

72.Mizohata,A.; N. Ito and Y. Masuda (1995), "Quantitative determination of the
airborne particulate matter sources by motor vehicles using TTFA", J. Jpn. Soc.
Atmos. Environ. 30 (4) 243-255.

73.Morandi,M.T.; Daisey,J.M.; Lioy,P.J. (1987), Development of a modified factor
analysis / multiple regression model to apportion suspended particulate matter in
a complex urban airshed, Atmos. Environ.,21,1821-1831.

74 Mukai,H.; Toshinobu Machida, Atsushi Tanaka, Yelpatievskiy Pavel Vera, Mitsuo
Uematsu (2001) Lead isotope ratios in the urban air of eastern and central Russia;
Atmospheric Environment 35 2783-2793.

75.Mukerjee, S.; Norris, G.A.; Smith, L.A.; Noble, C.A; Neas, L.M.; Ozkaynak, A.H.,
Gonzales, M. (2004) Receptor Model Comparisons and Wind Direction Analyses of
Volatile Organic Compounds and Submicrometer Particles in an Arid, Binational,
Urban Air Shed Environ. Sci. Technol. 38: 2317 - 2327.

76.Paatero, P;; Hopke,P.K.; Bilkis A. Begum,Swapan K. Biswas (2005) "A graphical
diagnostic method for assessing the rotation in factor analytical models of
atmospheric pollution", Atmospheric Environment 39,193-201.

77.Paatero, P.; Tapper U. (1994) Positive matrix factorization: A non-negative factor
model with optimal utilization of error estimate of data values. Environmetrics
5:111-126.

78.Park, S.S.; Bae, M. S.; Kim, Y. J. (2001) "Chemical Composition and Source
Apportionment of PM2.5 Particles in the Sihwa Area, Korea", JAWMA, 51 (3),
393-405.; Park, S. S.; Kim, Y. J.; Fung, K. "Characteristics of PM2.5 carbonaceous
aerosol in the Sihwa industrial area, South Korea", Atmos. Environ. 2001, 35
(4),657-665.

79.Pinto, J.P.; Stevens, R. K.; Willis, R. D.; Kellogg, R. B.; Mamane, Y.; Novak, J.;

47



Antroch, J.; Bele, I.; Leniek, J.; Vure, V. "Czech Air Quality Monitoring and
Receptor Modering Study", Environ. Sci. Technol. 1998, 32 (7), 843-854.

80.Poirot, R.L., Wishinski, P.R., Hopke, P.K., Polissar, A.V. (2001) Comparative
Application of Multiple Receptor Methods to Identify Aerosol Sources in Northern
Vermont. Environmental Science and Technology 35, 4622-4636.

81.Polissar, A.V.; Hopke, P.K., Poirot, R.L. (2001) Atmospheric Aerosol over Vermont:
Chemical Composition and Sources. Environmental Science and Technology 35,
4604-4621.

82.Ramadan, Z., Eickhout, B., Song, X.-H., Buydens, L.M.C., Hopke, P.K. (2002)
Comparison of Positive Matrix Factorization and Multilinear Engine for the
source apportionment of particulate pollutants. Chemometrics and Intelligent
Laboratory Systems 66, 15-28.

83.Ramadan, Z.; Song, X.-H.; Hopke, P.K. (2000) Identification of Sources of Phoenix
Aerosol by Positive Matrix Factorization; J. Air & Waste Manage. Assoc., 50,
1308-1320.

84.Rees, S.L.; Robinson, A.L.; Khlystov, A.; Stanier, C.0.; Pandis, S.N. (2004) Mass
balance closure and the Federal Reference Method for PM2.5 in Pittsburgh,
Pennsylvania, Atmos. Environ., 38, 3305-3318.

85.Sattler,M.L.; Howard M. Liljestrand (2005) "Chemical Mass Balance Model with
Fractionation for Apportioning PM2.5: A Test Case for Los Angeles Traffic Sources",
J. Air & Waste Manage. Assoc., 55:1335-1344.

86.Schauer, J.J.; Cass, G.R. (2000) "Source Apportionment of Wintertime Gas-Phase
and Particle-Phase Air Pollutants Using Organic Compounds as Tracers", Environ.
Sci. Technol., 34 (9), 1821-1832.

87.Schauer,d.dJ.; Lough,G.C.; Martin M Shafer, William F Christensen, Michael F
Arndt;Jeffrey T DeMinter,and June-Soo Park (2006) "Characterization of Metals
Emitted from Motor Vehicles", HEI Research Report No. 133.

88.Schauer,J.J.; Rogge, W. F.; Mazurek, M. A.; Hildemann, L. M.; Cass, G. R.; Simoneit,
B. R. T. (1996) "Source Apportionment of Airborne Particulate Matter Using
Organic Compounds as Tracers", Atmos. Environ. 30 (22), 3837-3855.

89.Sillanpaa, M. et al. (2006) Chemical composition and mass closure of particulate
matter at six urban sites in Europe, Atmos. Environ., 40, S212-S223.

90.Song, X.-H.; Polissar, A.V., Hopke, P.K. (2001) Sources of fine particle composition
in the northeastern US. Atmospheric Environment 35, 5277-5286.

91.Song,Y.; Yuanhang Zhang, Shaodong Xie, Limin Zeng, Mei Zheng, Lynn G. Salmon,
Min Shao, Sjaak Slanina (2006) Source apportionment of PM2.5 in Beijing by
positive matrix factorization; 40 1526-1537.

92.Stevens,R.K.;Pace,T.G. (1984). Overview of the mathematical and empirical
receptor models workshop (Quail Roost IT),Atmos. Environ., 18, 1499-1506.

93.Subramanian,R.; Neil M. Donahue, Anna Bernardo-Bricker, Wolfgang F. Rogge,

48



Allen L. Robinson (2006), Contribution of motor vehicle emissions to organic
carbon and fine particle mass in Pittsburgh, Pennsylvania: Effects of varying
source profiles and seasonal trends in ambient marker concentrations;
Atmospheric Environment 40, 8002-8019.

94.Sweet,C.W., Vermette, S.J. (1992) Toxic volatile organic compounds in urban air in
Illinois. Environmental Science and Technology 26, 165-173.

95.Takahashi et al. (2007) Water, Air and Soil Pollution.

96.Thurston, G.D.; Spengler, J.D. (1985) A quantitative assessment of source
contributions to inhalable particulate matter pollution in metropolitan Boston.
Atmospheric Environment 19, 9-25.

97.Turpin, B., Lim, H. (2001) Species contributions to PM2.5 mass concentrations:
revisiting common assumptions for estimating organic mass. Aerosol Science and
Technology 35, 602-610.

98.US-EPA Office of Air Quality Planning and Standards(1990). CMB7 User's Manual.
EPA-450/4-90-004. Receptor model technical series vol. III (1989 revision).

99.US-EPA Office of Air Quality Planning and Standards(2001) CMBS8 User’s Manual.
EPA-454/R-01-XXX, Research Triangle Park, NC 27711.

100.Vega, E.; Garc?’a, I.; Apam, D.; Ru?’z, M. E.; Barbiaux, M. (1997) "Application of a
Chemical Mass Balance Receptor Model to Respirable Particulate Matter in
Mexico City", JAWMA, 47 (4), 524-529.

101.Wang, Y.Q. ; X.Y. Zhang, R. Arimoto, J.J. Cao, Z.X. Shen (2005) Characteristics
of carbonate content and carbon and oxygen isotopic composition of northern
China soil and dust aerosol and its application to tracing dust sources;
Atmospheric Environment 39 2631-2642.

102.Ward,T.J.; Garon C. Smith (2005) The 2000/2001 Missoula ValleyPM 2.5 chemical
mass balance study, including the 2000 wildfire season?seasonal source
apportionment; Atmospheric Environment 39, 709-717.

103.Watson,J.G. (1979) Chemical element balance receptor model methodology for
assessing the sources of fine and total suspended particulate matter in
Portland,Oregon.Ph.D.dissertation, Oregon Graduate Center,Beaverton,Oregon.

104.Watson, J.G.; Blumenthal, D. L.; Chow, J. C.; Cahill, C. F.; Richards, L. W.;
Dietrich, D.; Morris, R.; Houck, J. E.; Dickson, R. J.; Andersen, S. R. (1996) Mt.
Zirkel Wilderness Area reasonable attribution study of visibility impairments Vol.
II: Results of data analysis and modeling. Prepared for Colorado Department of
Public Health and Environment, Denver, CO, by Desert Research Institute: Reno,
NV.

105.Watson, J.G., Chow, J.C., Fujita, E.M. (2001) . Review of volatile organic
compound source apportionment by chemical mass balance. Atmospheric
Environment 35, 1567-1584.

106.Watson, J.G.; Chow, J.C.; Lowenthal, D.H.; Pritchett, L.C.; Frazier, C.A. (1994)

49



Differences in the Carbon Composition of Source Profiles for Diesel and Gasoline
Powered Vehicles; Atmos. Environ., 28 (15), 2493-2505.

107.Watson, J.G.; Cooper JA, Huntzicker JJ. (1984) The effective variance weighting
for least squares calculations applied to the mass balance receptor model. Atmos
Environ 18:1347-1355.

108.Watson, J.G.; Fujita, E. M.; Chow, J. C.; Zielinska, B.; Richards, L. W.; Neff, W. D_;
Dietrich, D. (1998) Northern Front Range Air Quality Study. Final report.
Prepared for Colorado State University, Fort Collins, CO, by Desert Research
Institute: Reno, NV.

109.Widory, D.; Stlephane Roy, Yvon Le Moullec, Ghislaine Goupil (2004) The origin
of atmospheric particles in Paris: a view throughcarbon and lead isotopes;
Atmospheric Environment 38 953-961.

110.Xie, Y.L.; Berkowitz,Carl M. (2006) The use of positive matrix factorization with
conditional probability functions in air quality studies: An application to
hydrocarbon emissions in Houston, Texas; 40, 3070-3091.

111.Xie, Y. L.; Hopke, P. K.; Paatero, P;; Barrie, L. A.; Li, S. M. J. (1999) Atmos. Sci. 56,
249-260.

112.Zhang, Q.; M .Ramialfarra, Douglas R. Worsnop, James D. Allan, Hugh Coe,
Manjula R Ca nagaratna, and Jose L. Jimenez (2005) Deconvolution and
Quantification of Hydrocarbon-like and Oxygenated Organic Aerosols Based on
Aerosol Mass Spectrometry, Environ. Sci. Technol., 39, 4938-4952.

113.Zheng, M.; Cass,G.R. ; Lin Ke; Fu Wang; James J. Schauer; Eric S. Edgerton; and
Armistead G. Russell (2007) "Source Apportionment of Daily Fine Particulate
Matter at Jefferson Street, Atlanta, GA, during Summer and Winter", J. Air &
Waste Manage. Assoc., 57:228-242,

114.Zheng, M.; Lynn G. Salmon, James J. Schauer, Limin Zeng, C.S. Kiang, Yuanhang
Zhang, Glen R. Cass (2005) Seasonal trends in PM2.5 source contributions in
Beijing, China, Atmospheric Environment 39,3967-3976.

115. M HVE N H ARBR S A& o 2 —(1987) BT KRR AR K XUARIRREEAE « ek f{k
WG G DREMT - T

50



