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Review: Influence of PM, . composition measurement design on

source apportionment using positive matrix factorization ( PMF)

GOU Yafeng' YU/ Huan® WANG Cheng'™" XIE Mingjie' ™
(1. School of Environmental Science and Engineering, Nanjing University of Information Science & Technology,
Jiangsu Key Laboratory of Atmospheric Environment Monitoring and Pollution Control, Collaborative Innovation Center of
Atmospheric Environment and Equipment Technology, Nanjing, 210044, China; 2. Department of Atmospheric Science,

School of Environmental Studies, China University of Geosciences, Wuhan, 430074, China)

Abstract; Chinese cities suffered from frequent haze pollution in recent years, and this brought a
series of negative impacts on air quality and public health. In this case, studying the composition and
sources of PM, s .and its atmospheric processes and environmental effects are of great importance for
drawing up effective regulatory strategies to reduce haze pollution, and become hotspots of the
research on atmospheric environment. In this work, a number of studies on PM,; source
apportionment using positive matrix factorization ( PMF) were summarized, so as to elucidate the
influence of spatial variability of PM, s composition, target components selection for analysis, gas/
particle partitioning of organic tracers, and time resolution of speciation data on PMF results. The
review showed that, even at the same city/area, PM, source information retrieved from the

compositional data at different sampling sites had substantial variance. For the same batch of aerosol
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samples, the output source types from PMF modeling were closely associated with the species
selected for characterization. The source attribution of low molecular organic components was subject
to large uncertainty due to the influences from gas/particle partitioning. High time-resolution
measurements were more capable in capturing the difference in concentration time series between
source tracers, improving the accuracy in source identification.

Keywords: tracer, spatial variance, gas/particle partitioning, time resolution, positive matrix

factorization.
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KRR P25 250 e R R AR TR HE IR Sk i Ze e &1
X=GxF+E (1)
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ORI E RS TN A2 AR 32 B AT . T o) o3 T ot 4 1919 [ principal component analysis
(PCA) -multiple linear regression (MLR) ]  fb27 B ffij (chemical mass balance, CMB) Fl1E & %4 K
FrHT (positive matrix factorization, PMF) 2¢.PGA-MLR #5525 FE UL I H5CH 1 AN 0 32, DT IE AR 7R 2%
e 32 BRI A2 20 3 A 1R 22 B SE R CMB BRI B AT N S2 AR A B s A BRI (ELER 1 A ot 2 i 5 B
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R I EZERR IR 20 PMF ARLE Bl BAT JE A B T WA AL a7 AN T BRS04
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A1k HERCIR , PMF A5 7 285 5L U PR 1) i REAR XTSRS 53 A1, PMIF A58 380 T AR 4 1 153 45 2 1 vl fi e
P 730, ELAS SRR R b i AR A B
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1 ZEAEAM=EZE RN (Influences from spatial variability of chemical components)
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Wl (st RHEE AT SRE M) B PM, SRIESEAT 8T, A& B — U HEBIE XS PM,, B9 STk 37 24
REVRZE A ARG shig i, s (8] 25 55 38 v 1 Ok U s k. f51) A, JOR A Bk A A e (1 FH e 22 B A R
(17.2%) FIEE (18.6%) ikE|HeiE , 76 KHAUA 10.9% ; HLsh % HEUE G- i e 22 W AL ZOR KT PM,
B BTk AT 51 R 18.6% Fl 16. 1% , 7E ¥ ALK 10.6% ; Z HiEY (SO, %) KA ALK M, — U IR 51 ik
(35.4%—44.4%) W25 A 22 B, ARSI 5 32 .
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Table 1 Comparisons of PM, 5 components at different sampling sites in the same city or region

HIX ARy FE AL SR X Ak 414 Bulk components/ (pgam™ )
Area Year Sample No. Sampling site PM, 5 NH; S0%” NO3 oC EC
Pzl 2010 112 EZ0) 90.2 6.30 17.4 14.0 11.5 3.95
208 WX 167 9.13 25.8 19.8 21.8 7.95
Hee 18] 2015—2016 392 Jbatik X 81.4 8.57 9.63 12.4 12.9 5.16
RHEHEIX 85.9 10.5 12.1 13.9 12.2 5.44
AR FER X 105 12.3 16.8 14.9 16.1 7.30
PRERIX 123 12.1 15.6 15.3 15.6 8.77
TR X 105 11.7 15.2 14.3 15.2 6.20
T >80 WA 2.4 620 11.1 5.80 7.00 1.80
2012—2013 >160 WX - JE AR 62.3 8.20 12.6 9.75 12.6 3.75
>160 RIX- Tl 49.8 6.55 11.0 7.00 8.30 3.10
f 22 [20] 2007—2008 181 e 16.7 1.63 2.63 3.83 1.83 1.70
46 IR TR AE 17.2 1.20 2.60 2.80 2.10 2.20
85 IR X -3H [ 19.5 1.60 2.60 3.50 2.30 3.40
T f-021) 1998—1999 78 Zh 7.70 0.80 2.30 0.60 1.60 0.40
77 AR 18.9 2.00 4.10 3.10 4.50 1.60
79 I X -3H f 24.6 1.60 2.80 3.00 7.50 4.20
79 IR X -JRAE 20.0 2.10 3.50 3.50 4.70 1.80

PM, %)l e | flae 2 b R 5 ok i 2 B] 22 57 T o R sl LA 398 A G R (1) FN
BIRBL (coefficient of divergence, COD) ZEZBORFME A0 R B r H FT48 75 1G4S VLI A5 00000 45
AR — B, COD T FAE PS5 W00 &5 SR () 46 %) 2% 5. COD B A9 AU R s .
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" \/n ; (xif + xihj )

O B ey, 53048 TR — 21 0 BCHERICISEAE £ 1 h A SRAE SSUER 0 AN ORI Bsf 1) 3 81 P %) v 8 o ik 5 m AR
LTSI EL. COD B2 T 0, DI 22 58/ | B 2 T K

TR — 3 1T s X, PM, Pl 20 B4 2 [ 22 5K B R BUE PMF JRRAT 45 0. Kim 25l gE T
5 E BT Wi 10 4 SRAE S PM, B TCHLC R A s, R BT A R hRoc R W (AR IR R
) Bzsa 22 T 5N P r=0.92, 57 COD=0.17) , i HE ot ZHERM BB R 25/ 225 (r<0.59,
COD=0.30) M FE I I TG 2 AL BN SRAE 5 1Y PM, HEATUR A AT , BT HH 9 HE IO Hh DL — R B TR
vk A 22 F/h (FPALE = 0.75,CO0D =~ 0.35) , i PM, — IR 5Tk 19 45 (8] 22 2 45008 (r<
0.6,COD > 0.4) .Kim FI Hopke"™ FIH EC A HLBK (0C) (B FFITEK MY H 35k B Hlcdis %t 3¢ = 76 Ak 141 T
5 ARAE S PM, 40 54T PME JEAFHT , AT 0 PM, R TR ALHE R B £k kAR £k MLsh 4 HE
TN A= ) Jo A58 55 A2 A TR A HE AN (] SR A s U8 DT R 0 A1 it B — YRR DT ik ) 25 1) 22 St v T~ IR

1=
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R, IR FE AT P, HERICIR 25 1] 22 S 4R fEAH — 3. 55 41, 3R AE P, Ak 2% 4 Al B R 53 ik 25 (] 22 53 04 - A
COD {H [F]RAF s e B2 DIAR 5 , RO T AR RE X A SRA 5 22 18] PML, 4L TR BTk 22 I T AN R Dk
X2 6] () 22 57 Xie 2512 %6 26 [ PH T 2008 4 3 H & 2009 4E 3 H (1) 4 4R ke S 3 247 4~ PM,  BESh R
B I A 0 B 2 ) A3 AR RO IEEAT IR 9, R B BEC 20 TRZ 512 (PAHs) FS B EHL 8l 42 HE R B¢

TRHLEN A SCHERCIR XS BC 1Y TTBRALE 5 2 B B I L Ja 32 DP9 i1 50% L -2 Mooibroek %5120 AR 4J5
W EHE (B .0C EC FITTR) X220 5 RS (3 MLT 21, 53 AMPIAS 53 B T30 R
ETHESE) B PM, AT PMF JEARAT , K UL S 4= HE ORI B bR AR 5 09 I T RRTE 30 X/ 38 R & R
FERZ AR R 225 (COD > 0.5) . [N, A isi/Is H AR st DX P 8 ifp A 7014 B 500 A o
28, BLFE0 75 1 PM, s 2H AR PR AE AN ) T RE X A4 25 0] 22 5.

2 FFEAESEFERR N (Influences from the selection of target components)

I B AT SRR BRI PME Y5 BT AEAE AL R A PR A A2 21 05 8 TEPLES (i
NH; SO HINO;) MEALS; (EC,0C) MREEHBAEN PM, 1 22 0o Bt 4 A PMF #1841
WA A LT F TR IE R BRI T8 /R PM, s 2805 9 ELRSK IR, W3R 2 T 7. PhgAs  Se #il Hg # H T
FEARBRIE T PM, S H Y Ni RV R ER [ EIRIALE Y Cu M1 Ba S LN A TR R o R 4 B
A Ca i Mg FEd7 2 R o i LU R A WL PP A 3 22 4 VR 7 Tk (R 7R B B i s 43
WZEHERRBE (levoglucosan) K A £F 4 K (P it i B, 2 A2 W0 R R Be Il 2 LR B2 4 Y 5 IR (oleic
acid) FIAHEEE (cholesterol) A FHTHE /R NS W I 5 s 4% (hopanes) 18 i i34 Wy 28 M BR Ak 27 T
oA TR ATAE AL AT RETR T | S A AT R B i T B R 24 2- 1 JEJ5BH B ( 2-methylthreitol ) | 2-Ff
FLIREEWHME (2-methylerythritol) F1 2-H 3 H VMR ( 2-methylglyceric acid) JRIET 5 % — M e ik 22 E 4k
I FEC YA IR , VTR S PE A T R B s 3 A BR R PMF A7 A by s A R B i
TRAE R R AN v PR A .

2 JHF PMF M TTHLAE VLR B

Table 2 Inorganic and organic tracers for PMF source analysis

i T B HUREED) S 3k
Sources Inorganic/Organic Tracers References
JRHE Se.As. Pb.S Hg Ut F23E PAHs 45 [26-27,37-38]
YA K" JBEEUIAER B AR | e SR M 4 [31,39-40]
B3 ZEHEK EC (Cu Ba /3 ¥4t PAHs ({41 IP BghiP) IEMILERE (Cpy—Cys) I8 FESESE [30,41-43]
il ke Ni,V &% [28-29]
b3 i FOSKERR iR BERRER HiER AR [ e LS [32-33,44]
ik Al Ca Si Fe K Ti Ca® WEZE (GIUIAGATIE EWE) 5 [45-47]
piEaN Na* Mg?" .Cl™ .Br % [48-49]
TR SO \NO3 \NHj 4 [50-51]
TIRANRIEI 2-FASETRRHEE 2-F S SR AR - F L H IR YRR | I R 5 [36,52]

S [F]— SRR 4 10 [ 2L A 0 A, 6 T S A 25 40 43 vk B B 9. P YA 7 45 51 T 7 7 e K 2
5t Xie 5515 B4 PHIET 335 4> 24 h PM, RS I FEIRA14E (TEHLESF (EC Al OC) iR 4L+ Kk
TCR AP R+ A HREWIEN 3 i A K 2E1T PMF JRAFHT | K BRACR = i 21 73 Hicdls Jo s U3
HEARE PM, SHERCIR , K PETCR AU SE B 1 7 22 28 W STk A4 A R T , 15 20 8RR 35 e 2 73 B4
B IR TG B WL R 8. L e AR R URL ) PMF TR AT 5T AR AR UL 2R . Wang 557 R 9
A BRI 53 W A R T U B TT b X — 0 LA IR A ) RORA B U 5 Wang 2500 JIE R 1AL
TEHLR BRI EAT PMF AT i A2 ) BORR B AL 3l 42 HE il DTk X SE P52 4 2R 3R W], A A Hls
BB T PMF 2345, A RESRAFEC G BEAYAT LU0 IR A 4 8. DRt Y SR A AL R I 5T
HR BRI AFEATT () 1 BEAT 45 I LR e 635 2 R R HLAIA IR R R b AL 3h 4= HE ORI AH
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Xof IOE AT AL B I AT oA T 2447 2 45 2 ML 23 A HETSOR A W5 A A B A, U7 15 S e 488 T 48
RS B TEHLOC R B (AN Si\Ca™ 45) VEN/RERTE R E T PMEF SR $0L5 % 502 BT A 4
3 BRI e i, 14 ke B AR R 7 B8 A 0 0 i JE v R B, PMIF AR TR 2 v A i 6 2 A BT o HE
TR Tk

BWFIE R, B EHLFA HLR B2 8 4 [5] i i A PMF B 28005 35 45 07 4 T 1) 68 ik B 45 S0
Shrivastava 2" X 3¢ E UL 2E BR 1T 99 4~ PM, JBEdhH 54 R LR A S FOCHLIG E BRI T 21 Fhdd
B, BRI LA ANGE o R RCEOR R B A R RAS TR AN L BIR 4 A 4 il A PMIF AR S A 25 At
R EET AR A HREMNT 1 7 D BA B EE i A 7, b 6 AR5 — AR (HLsh %
HEWC AW b iz b 5 ) MG, B AN—ANIR T U3 45 A MR B, (S [R50 4L A6 B 4 5
TR AT AE B 25 5 Jaeckels 251 I FH 95 (R 36 B T 125 A4 PM, RE &L P 100 25045 HLR B2 4 A
2 FCHLIGE (Si FlAl) BAEIEFT PMF WEMHT, 4385 A IR 7, A& R B N 7, HoAy 4 4>
DR 70 ) 5 4 0 T kobe BLBh ZEHERC 37 28 R U MLV T AT . 33K S PR 5 25 MR 1R A T 45 % 4
AT i R ) DR T, L S ik R 4 A S I HE RO CAn L sh A= HE ik L A= 0 R e R R A AL
) A R FERE A2 e R IR A MLIRTE /R, SRt I F A Bm I R E (ALLSI 45)
AR, PAER[R]ER FH JCALRA B B A7 IR AT (R I 2.

3 AU REMSEMRESE RN (Influences from gas/particle partitioning of organic tracers)

W _ESCETIR L PME SRR AT 1k PM, 5 ik 5T 2H 43 1% Ofe 58 e B MRS A7 AL 7 B 0 4 i sl . B
R T PMF JRFEHT A VUREEY (i ZIRITIR5E) K Rk M) AR TS Pankow™ ™ 1,
[T AH 23 FCERS , 6T MU BIL R 0 R e () 0 40 2H B 1% zan 5 40 1 AR 3 TC AL 32 Tk B 428 o 5 A< b
AH AT BCLAT A SEBR L2 A LR R 75 SO A URE S AT AU ] J Y- 1 2k . /< 1 AH 3 T 2R 2800T 36 2o U
HURE s YUY e i o= Wy e w1

K, E/MOM
:Ja >
> RT
106 1W()M g()M PE

KK (m ™ pg™) SHREAE SRR, MRS AN BT A2 (fon) PRUEALIG FTARTS K| oy 3 F A0
A G SAAHLR B OB S AR EE (ng-m ™) s Moy WBURES A WL E (pg-m™).50 (4) TR
(m™atm+K "~ mol ™" ) F1 T(K) ﬁ%ﬂﬁﬁfﬁ*&ﬁﬁi%’ﬁ%ﬂﬂfi,MW(,M%%WE‘S%HLEI%@%?E,é“mﬁ%‘%
TN ERIAE RS A HUTH TR EE R 8L Py BRI N Z5750E (atm ) . T EAH 43 BCAE F B9 52
M), RS A WL R P v FEEAE =T PR AH Hh A RE D L B B B & A AR Al (Il B R 5 RS o LU BRAIR ) L 4n
B 1B o5 A0, Tk MR R A B R ) A R 2 B B % A AR A T PMIF A5 B AR I A AR A 5
s T) 915 BBl PR AS & A AR TR b, 7 ol R 25 L7 B 4 A B SO0 000 B8 40 326 4 7 PMIF 5 g B B, =11 R 49
BCAE 52t i H0 45 5 | I e 252 i 0A 4 75 24 il R A5 I 1 A R4 o) e 5 1 o

Xie 25" FE S A 4Bt PMF Y5 AT 52 00 A48 7 | I X 96 % N6 ey 1 F e 17— 2401 TA%.
TEFF PMF A AU i iy 56 B PHoh T KR PM,, s T HILAE A R U5 B R S A MR B2 9 H 3996 B A K 1)
WL (5 3 4F) #4704 (4T3 0<10 °C 10 °C <1<20 C Al 1>20 °C ), 43 B F] LB F oy 41
BRI T B LU IR S AT 45 R e B, T3 A 8GR e A s ARG o3 i A AL I HE s s 5 2 T B A
AT 4 A2 YR AE N [R] 8 Ak A SR X DUk 34 A AR 0 35 22 S, 48 1R OB OB 25 AL 5 ) ik A
R ABAEVEAT PMF U5 A A7 45 52 510 A1 AH 40 e A 52 R 3 — 4538101 R U 55 8 28 9 PR X — B2 TR, Xiie
A8 LO0) 3 3 [ 43 T BV MR A BL S B 0 R 2 e B LS VR B R K RS R &S B R B A
i ABEIEAT PMF JEARATT 00738, 2 B T 00 eH AR M A 10 i I i A AL ISR RO 5 56 T 8 8
P AT 003275 YL AR B (] AR Ak b 35 1 v B — 2, UE PR R B B AR Sy 32 A TR A ACKSCHE T R I &2
T B3 1R 43 T X R A AT 225 SR B )Ry BIE 12 06 TR S HUR BRI A B3, Xie 45000 i ] — SRR
SR B E AR AT B AT A I — AR AW, %2 B Pankow 7% B Y AY A E AR 43 D BIE R A A PE
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SR SN B AN T ARAG R B0 T, vl 1) A AR 20 T B E AR 4 B0RE S 7 i M e B A L AU Rk B2, DT
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Fig.1 Temporal variations of particle- to gas-phase)ratios of phenanthrene (PHE) ,
fluoranthene (FLU) , and pyrene (PYR) in Denver, U.S."*

A A 43 BT 35 T UKL S A B L e 0 VR AT R S M L 8 b X A R 37 WL AF 7 rh A5 B 56 30F . Gao
SV TR ST INAK A ZE 6 AN RbE A5 ORI i PAHS Sk 5N & 30, 25 A1) ) 0RE 25 8 0 #E4T PMIF Y5 A
BT LB A HE ORI A= ) BTRRBE XS R[] BB TR PE (BaP,, ) HUARXS STHR G339 45 (XA 5 A T 689% Al
47%. Wang 45 O ARYEER = £ HUIXAY 4 4 RFE SR B TR S A MR BE Y BAE X PM, (54T PMF I
FEHIT , 235 A 2 I SRR 43 e ot PR AR oA v 1K 2 1a A LA 43 >R U o R AV B3 A% AN e . DT, 7 1)
UKL 257 BR PR B2 AT PVIF A AT T, 5 2 X = 11 AH 3 TC o 82 1) VR T8 5% i 2R 4 7 0 B RN 1F, 48 <1
AH A FL AT PR AR B 2 R A IREE ST A 75 573 1) [l R 2 —.
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Fig.2 Comparisons of PMF source contributions based on particle-phase organic tracer concentrations and

simulated total concentrations with that based on measured total concentrations'®
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4 WML REE PR ( Influences from time resolution of measurement results)

R JE S 2 U A (AR PR BRI 52 I 22 20 43 [R] 20 UL, PM, s DB AR S AW AR 3 #2 (12—24 h) 3l
I ] 3 BER AR 53 A0, 1T PMF ARS8 SR (0 AR e M v BE MO A Bl i, — % PMIF R AR BT AR R AE
SR —4E LA b ABZ (RIS B] 23 R L AT S BCHE A AL (2—4 h) 5975 G gloii o s A
A B AN E R A LN 42 A A 22 S AR s HE IR HESOR BB FD — U 5 T L S TR R
it AT % SR ) 2 LI K5 B0 i ) 3 R R i ) AN 3 BIER , A2 R IR R, 6 R 2R FLSh A HERLAY Ca
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Fig.3 Hourly variations in average concentrations of PM, s associated Ca, Fe, Cr, and Mn in urban Nanjing, 2017
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