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Abstract

Atmospheric fine particulate matter (PM:zs) poses significant hazards to the environment, climate,
and human health. Although China has reduced its concentration through governance efforts, the
overall level still requires improvement. The 2023 “Action Plan for Continuous Improvement of Air
Quality” has set clear reduction targets for 2025. Source apportionment serves as the scientific
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foundation for pollution prevention and control. This paper provides a reference for the research
and analysis of PMz;s in different regions by reviewing the most widely used PMz.s source apportion-
ment methods. Source apportionment centers around receptor models, with PMF being the most
widely applied, PCA suitable for preprocessing, CMB appropriate for stationary source areas, Unmix
adaptable to short-term data, and HYSPLIT tracking transmission paths. The combined use of mul-
tiple models can enhance the reliability of apportionment. Current research faces limitations such
as insufficient precision in component analysis, weak secondary source apportionment capabilities,
and a lack of regional collaboration. In the future, it is necessary to promote technological integra-
tion, construct a multi-model integrated framework, and unify source spectral standards to provide
more precise support for joint prevention and control of PMz.s pollution.
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1. 5|18

KRS G, Fr A SR A (PMas, BIZS3) )% BN TET 2.5 ek S5 4, ok
AR SRR . PMys IR/ HEERTHARR . G WA 286 EW . 75 K H 5 RE I [H]
Koo AEHIIE B AT 5, XRTRELE . AURARAL . A RS R E 1] 2], HO A B ™
iy, SR RGBT O I T A AR T R 3 N B I AE O [1] [2] SRR AE DS Tk AL ROk T
WHE R SHX, PMos W JEH b TR /KT, 51K T ™ 5 2 500 & 0] AN A LR fE L 3] .

ST PMys I B A A B, [ AR B S RIE . AR B oA (@ RS, SR e
PAB A SRS ST JE 7 KRBT, EE SRR FITE PMos FAAIIE R Z —, 1969 FEFET M HXHKR
IR EA, BIE R & PMa s ISR IR AR AT FI (A RO 78 [4]-(7], UMb, s T s IR b i W) 45
GITTE, X PMos W BE S LI 28 03 A AT T IR FC[8]

A E VNS BRI R T E SR, G5 T PRE LR E K, R B IS TR K PMas 75 Jpkik[9]
[10]. JEAER, EARTHEBURFRILT — RIIKSTE MG, PMos IREAHT N, (HEAKCPIAZ
S, SRR e XA, EyG R R[] [12]. (SRR ERSENGETRD , BIEE
=AY CRAEKT, BRERCE T3 2025 R EA BN, SEHH L ESHT PMos WEE N FE 10%, HE K&
DA L5 G R B 23 HITE 1% A . B PMas IIEIRGEN T BURSCHERT A . o EITE PMa s W98 75 THI
BRI, (RiEd K ESE LRSSy, A RS T B3 R3] [14]. X LR AR T XF
PMa s V5 QR U RE R, B e A 20 s SO S BUR SR T EEKYE . Jodr, #ERA T EER 40
TSI PMos WAL SEAE,  GLFEA T o RGBSRV BT RUCARATT DA SR P52 (PR HE T - [N
IRANIRFT PMas IO RR FE ML . VPAL FE BRI AL 2 220 G4 L BB [ SR U5 (10 D ik B B 2 VAR AR A
X T EA S Y BOIR VP Aot 1) BRSO i B SR SRR 5 U7 1) 2 R B B

IR S HE P TE PMys VR 7 IR BRI 0 B SCER ARG . RS PR, A SRR
R AAAE AL s FEAE R SE Rl E 3RS AR R AT BE T 78 5 170, DAMACA PML.s ¥5 Bl v F 90 AN B s ik 42
B . RSOK AR RS AL SCIRE BT 458, 7R B BZ AT ) i 7 ik 4 R AT s 4s
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2. Rk

WA PMas FRIRIF I B A0SR R DT R 28 B 4l B e v B it . 1 AT FH B0 UR AT 0 vk R AR
BT 2 ARKER ) 7 A T HEBOE S 075, Herh e A Y R H B R PR B MR I . e 7% VR
TR B A B V2 R o A2 vk 3 BALHE 3 43 40 BT i (Principal Component Analysis, PCA).  1E &
5 R K] 723 fif V2 (Positive Matrix Factorization, PMF). 14 2% Jiii & “F- 1 15 1 1 (Chemical Mass Balance, CMB)-
Unmix BAEE[15], TR, PHAREITEY 2 F#RREE, RRMURE PSR AL (HY SPLIT)H 8o K5
GG BT T IEZ —

2.1. ZFEE

2.1.1. IEEFEMEF 49 % Positive Matrix Factorization, PMF)

1F 58 H R4 R F 73 fi# (Positive Matrix Factorization, PMF )i i AT KSR fh A6 27 240 2 ik FE AR AL B4
SCAHETS G ARIT B TTRR, F TR PMas VAT T S B2 I LR 2 — o HAZ O EAE T 0 7R Tk
PR, AT BT I EE U SEBRAELE VS G kIR, TT AR T A FIHBER 35 5 ST VR

{45 PMF AL TS PMo.s T FAL 2240 0 (025 Je3 . OC/EC %5) AT JEARHT - Rogger 55 A[16]
TEVDHER A Rabigh N PMF iRB0H H3E4y . Tk, (AR BE . HLah Z-HE o i 2 S IR %
5 AN FFRYH. Schaver 25 A [17]7EE E PG 1R H] PMF 51 H 8 NRIR, IS IR EHIHERL(SIA). iK%
A Tl BRIE. AERBREAE . Rl LI gL, FE0T T s G S A (] 5 R R DT R 1)
A4k o Shen 58 A [18]F] A PMF R AN ZIRIRER AR #h  IRZE R/ A ARl S5 kR
Onyango %5 \[19]7E ST AW EH Fi R PMF iR HAZEAH G, YA AR TolkfAna4. &
HATRRMR e . A HIEFNEESIA RS 6 R ERIE.

MRS G TS CPEIRE 7 CANIRIEX AR i, B FE s A A s S B 2
HARTHREFE . Wang S5 N [20]BF AL LA 736 T 1 /NF L 4 /INEFRD 6 ZINESF P35 40 22 20 23 $0 4 (1) PMF 43 47 45
R RIS FH v I TR 2 AR (1 /N B BE W AR EAGE YRGB HUERE, JCHO T LUR BRI bR
BEWVRRIE 7 . IX RST8] 73 F 2 B T SRR TS 3 B A8 A0, AT R i ) g
PEo Li S AN[21)7E RigRIwt s, B RERAIS TREYHN PMF #8(MM-PMF), I 114
KIS, G 3 AR 8 AN, 5K E B 4 4% Gt PMF AHEL, MM-PMF A8 58 4 i [X 4
CAE LA A E BIRIR, b 1 A% 48 77 325 Fhax e SR Y T R B8 B 1% 2 T 281 JF At ke YT - B8 O 22

NEEE MR ETE, BEARE AR 2 RS2 AR RS Loy A (97 ST PMos AT 2R EEA
[22]5 ] APCS-MLR (4%} 3 53 [ ) 285 PMF AR A oK< PMa.s T B 4 8 o 3 RV, R IALE) 20
TV FIRRSEIE RS PMa.s B OTRRZ B iy, ZEP MR EL o fr b, BRIER TR AL 2 1 20%~40%
Zhang % A [11TEH EIE 7 w7, RA TR AR Z AR (HERM), 454 17 PMF AL R &1
HE(CMB)YBLY AL i, R PMos SRIEHEAT 12087, IR 7 ISR IR AL ] o

2.1.2. E]Eﬁﬁﬁﬁﬂ'ﬁif(Principal Component Analysis, PCA)

TR I ATIEIE I R R SR AR RS AT PR, K 2 AR SR G R AR I E B LA SRS 48 r,
Bl Ry, RS RR I Z [AIAFAE LA S, (R RE SRS G £ B[ 23], FRAFK 24155 Ak
7 2015~2022 IR A BN AU EIREUS R B T HEE, N PCA TiiE T 1R IR
#, HREY, ZARRE THEILFENIE A R K255 Nl PCA ok 7 ik
BT 8N TR PMas 4 @RISR & JB Te 2 1 3 AN RS, FEHEMT HRVE 3= B0 A RRMIR eV . oL g
7 RUR . R EIR[ 26155 Nz FAARTR B T7 12234 95 M 17 Tl el [X RS PMg s HH <6 J SR VR - B2 16 Mk 4%
SETTMVIR, R AR AZIE YR, B DOR U PM s <RI R 2N R, SRR L& B b I
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SAHNL2715 NiEid PCA TR 3 HTiZ g it PMa.s Al PMuo W BE SE AR AR R 7, FRdad 2K (R ik
FE 53 BT it e R LR S TS YR 1, 25555 N, LR 978 & g Sr ik B2 A .
MEL BT LE H, PCA RIS/ HTiE T PMas Al PMyo IR & B IR ARNT, LA RT3 KA
ISR I REA o BE 2RI IR PR LA A, I PCA B o Wik i R B R 7, PR i
IR FAE AR S AN TR . ISR 2R [28155 Nilid PCA £ A 4 HTidixt 6 Fls Gy A7 0 3 Fh/s
FAFHATIRIE, 53 3 ANERS, PR ERS KA LSTM Al Attention 8, X AR 2 Sl B R4
(AQDIHAT T, it % ELIGIE, XFh3ET PCA-LSTM-Attention [ TR R GEGE =20, FEHHTHIN AQI.

2.1.3. LR EFEEE % (Chemical Mass Balance, CMB)

CMB 5 Y 2 KA O s A AT v i FH S AR 2 —, A JE Bl o g a7 “ U - 24k 2 1)
WEEEN KR, EEHEAFRG JIRR S s ORSRR A DTk L [29] . S PH3015 A @t 3 #r ik BH 7
TIRRIP AR WA RS R & PMys 7, #37 CMB s 0 R, @ BT ST A5 20 BH 7
FUERT PMys I TTERIE AN - 4032 45 ROV TTmbE A2 3T =/ 70l R A L s BRI,
FRER AR ) 2R i, XS PEBH TR N T3 i R R AR K I SEARM) & . EReZE[31]55i2 ] CMB
Jo FE AT B ST 5 TS SRS PMas R &, R B & T A PMLs IR S E] 2Z 7, 9k
ARG G PR U SRR AR R
2.1.4. Unmix &Y

Unmix BTG FT GRS Gl o i, B TFe S TS Sk e 8, il BRIl 2 o etk T A2,
W8 V5 R B . A1 R SR DTk LU [32]. Unmix B AE RS T5 Y7 H A 2 LT E 4h, BarE W
ZH T HIBEMZ ISR MEMAT . Murari V [33]55 A S A 1A 88505 B EE AR A3 I PM o 384T JRAET
RIHSE BT EEIR, TTRREEAE 57%~63%. 52 FiE e A8 2 B A AT R AR AT IS B, Unmix
TR AT HH VR ECR AR B b . B, Jain [34]5538 1% EE /24T Unmix, PCA/APCS A1 PMF KL%} BT
T B PMos RUR, R =AM A ANT H BR300 9 4 A3 5 AN T Ao Z BT BLH X NS, #E T Unmix
B EEJFEBEAE, Unmix BRSO EHE BT EHUR, S BMRHEAP RS EMER, X ER T
FRAR VR ORRS , M A X 2 FEAR IR [, Unmix A7 R BELH2 0 HTRE S (P9 BE B, A T $dis
AN 8 (B REAT 1B UL, Xt B E = w2

2.1.5. [FEEEER (HYSPLIT)

HYSPLIT Ji5 Al fUz i A ph 58 B B SRS BR AR AR PSRRI G TR, —ETASHK
L, @ =SB ST, B IS SRR SR . A A Y B, BN RIVR X STk,
AT 320 P B A3k S A O HE BN B2 AR 5 e B S [35]. E 33614 A HYSPLIT i A BLde i 7Y g dfr o
RIS R TR S G146 2% PMa.s AR 48 52 iz 38 B R 28 7 [B 5 I S e, S ilg e 52 21k BB sl b
HH X ) SRR . E— 28T PSCF A CWT AT AR IR X AL 73 A1,  RINAZEWFFIVERE T () PM2.s
SZ BN AR 520 5K, 3 TV CE VR XA P R G B o A3 7155 N FH IS AR At 7 5 X T K 5 4 1)
PMo s A SHRAE, ROUIIIAE], 09T 5 B AR S ek, PSCE Ml CWT 414 B SR s ikE
B O A, HGRA T RS R AR RH . R EPHITE 22 R0 . AR M R LI S X . 7
P38 N WA 7C i T T KA SR AE S 50, A T DO iT AR 0 7R A2 32 B e o mk v X 5[39]
SN R B TTARRE PMa.s (SRIEAT A0, AT 7 527U A6 J7 17 (45 BH 117 A0 22 38048 AR 3 1t DXOn] L 52 e K

DA 5 HEAS FIBE T R HYSPLIT i a1 EUZARE B 20 A AR AS [ 1 XK AS05 e E R . RS IX
AR, HEFFE RARRA L E . B A g R RS, B E K RERNS SRR,
ANTRI B X AE AR 58 (125757 32 B MR SRS, Wi A T AR KX, &2 5800 - PR R e 45
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BEATR B A BERTPEAE X, R R 5 52 B PG AL D5 1095 SR 520 . 1 PSCF A CWT A4 45 ALK
TN B el I RS i o, B S R R P R 1) TE i AR XIS B S i o NI R T T Ry
Wil AU E . S B RG R A SR PMos DL IRENLTS BN E[36], 1K FLAZ A IR 2 i B
REEFAFF, B PR RS Mk SRR 28T /R 2 A PRI T, 3P N5 T PMas

B A AL
2.2. ERMTTie

PAEREA % B B SR SRR IR I, W3R 1o RIS HRIRE R 24E, ZBARH. N NiEsh L&
DX 3 A i 55 22 A AL BRI A EL R, B R X D e T 2 i AAE R T P A T 0. P 2 AR e A e
e AT A5 RS W . — 7, AN FBEIRY MCASTR] S B RS BRI HEAT AT, A ELANFEEE, TR
ST 4 R A HERVE AN AT SEE . il PMF A5 RS R SRR oTiR, A B CMB XHE 22 ey it

g, 4G

PCA M HUAM Unmix BASREGIRAOAEEE, Rt AR AR5 90K

o —JrH, ZRRERE N AR TR Z R AR EVE, D B — BRI P RS Bt SR PR S5 A
RPBIARWZE, KT RBIG PR SR 5 S a) Fe (R K -

Table 1. Characteristics and applications of various receptor models
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Figure 1. Schematic diagram of machine learning process
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Table 2. Comparison between machine learning analysis and traditional numerical analysis methods
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