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Abstract The objective of this study was to estimate PM, 5 source contributions using the PM, 5 data collected in Pohang
monitoring site from January 2015 to December 2017. A total of 132 samples were collected and 22 species were analyzed
ICP (inductively coupled plasma), IC (ion chromatography), and thermal optical transmittance methods. In order to estimate
source profiles and their source apportionment, this study used EPA-PMF model. The PMF modeling identified 8 sources such
as seasalt (3.8%), steel industry/oil combustion (10.8%), wood/field burning (5.6%), smelter (11.1%), soil (10.3%), secondary
sulfate (29.2%), vehicles (5.2%), and secondary nitrate (24.1%). The large steel factories and steel related industrial complex
located in this study area. Therefore, it is consider that the contribution of related sources is relatively high compared to other
study areas. The results of this study suggest that it is necessary to intensively manage for secondary sulfate and secondary
nitrate to manage high concentration PM, 5, and the primary gaseous pollutants that generate these secondary particles also
must be managed at the same time.
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1. A =2 G3FE v|x]2 I} (Mauderly and Chow, 2008; Pope

and Dockery, 2006). |2t o]-5-2 vt FHls
SEUEtE HIRS AlA B2 U2 204171 & o di7] e EAol thet de] Eobsle, tiv] e

HRE di7|ed= ol ot AHd HH (acidic depo- A A A= AT AFAES] AFTF TSR AL

sition), 7FA] = 74 (visibility degradation) 53 22 F7lok= AlZ|7F H UL

219 RO tf7]| e EAoF A8, 0 EF 1Y Seuete] A 22 di7led A4 sid2 fIst

I

T 2 A AR Ak Rt tir|ed & of ofg] Ao A% ¥ W] A, EEA =
Aol 2H3) 31tk (Hwang and Kim, 2013; Kopp and 213 9] Sofj, 5] A/ g D YAz 35
Mauzerall, 2010; Malm and Hand, 2007; Brewer and ~ }tf], H]AR 2] dEA] (2014\3), v]AH 2] #e] EE
Adloch, 2005; Malm et al., 1994). ]2t oyefgt of 7] o2 (2016'9) 2 S TH (20179), PM, 50l Tt 7]
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7] 2 A& (criteria air pollutants) 5 COL} SO, 51+
22 FEE w27t HoAle FAE HEA itk
(NIER, 2021). &, BIAHZ] (PM,,), O5, NO, 57}
2271 AEE Y LHEE= 257 o3hEA glo
=RIE0] Aok A LT+ 95| F7ist
o, feivete] ti7led FH7F A= o=
ZSE] = FAo|th(Hwang et al., 2020).

2] TR EAlckes ot e ddolA wiEE
tefst 7| L AEA 5 E5], AAFEA (particulate
matter; PM)-> 7] Soll4] 0.005~500 um®] TRt
27|12 A5k 717, A, ALt 1419 A
7 B2 Foll ARk ok v AL Qlok JAMEE
Ao AAA B Q19A e YoM ZHkE 7=
HEE]E 12} 42} (primary aerosol)2} &7 A4 5
of oJsff 1A o= HiEE 7t EHol ti7]
A =g, 3Feh] HEA-S Fofl YRR e 2%
12} (secondary aerosol) 2 23 4= Q1TH(US EPA,
1999). YAF=EE 271 wet FH--2X] (TSP
total suspended particle), PM,;q, PM, 5, 12|31l PM,,
o8 FREET PM, 5= 37199 2170] 2.5um
ofste] PAFFEES Uttt PM, 5= 2letEE
Az B AFAre] w77k, PR o] Ay T
T 22 Q9A LGN F= BiEHAY F= o
A=A o7t 224 Aol oJsf A Th (Seinfeld
and Pandis, 2016). PM, 5i= 7HA] I (visibility) & #15FA]
Z] ®uat olu]g}(Khanna et al., 2018), £8-2 S35}o]
Hlof] ] F-sto] 7], # Sofl oF g vlAH, A
2 S WA o FAS Aotz A4, A7), 71
e s e A e L
AS 83 (Gaud-
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erman et al., 2015; Pope and

ol 0T U FYL HIFste] 7, UL 5 ofe]
el PM, & /1871 E0R ARl B

2|5tal QU vl=ol A s AR}, Lokr} St 2
UAAS O] 7% Tkt 359 A%-E flof vk
H 7|25 E2l 12} 7|F-5 % (primary standard)2} 5
AE, A=Y T9, 7 E Aot 52 ZI 5359

B2 9ol vt H 22} 7]F-5 % (secondary stan-
dard)®} 22 F 7HA] FE ] PM, s 71237 E=
A5t 9Tk (US EPA, 2013). $-2uate] 9=
201590f PM,soll Tzt th7]ehd 7)ol ntedE]qloe
7, 2018\ 3€olli= PM, 0] 24ARF H719H87 1%
35 ug/m’, QB 7|2 71EE 15 ug/m’ 2= 735}
Eipiag

7] 5 PM, 5 &840 2 Helstal G742l A
ofet-S mtlsty] QoAM= PM, 55 HiESe @4
Hofl tiet A - A Alo] g E|ofof sk ~8A
(receptor) 94l PM, s & AF|5to] I E%
LAY 7| E F4, Hrtohs 482 (recep-
tor methods)?] Z|&H 02 4= It} (Hwang
and Kim, 2013; Hwang et al, 2001). 82 9S +8
Al (receptor)ol A 7] L A=H 0] =4, 2leh4] E4
< Aot ti7]de] 4 vA= o4F
(identification)3}1l ZF 2 9] 7| & ATk
ZF7 (source apportionment)Sh= 4514, 5A
2ol

o] 824 F 0 FYJEFI (source profile)7t
§= o AME 7S PMF (positive matrix factoriza-
tion) o] 7 o] A A|AH o5 2hils] AR
I QAT (Paatero, 1997). PMF &7} H|walo] of &
At 7152 ZF= ME-2 (multilinear engine) zdo]
7N =] o] (Pattero, 1999) PM, 52| 7115k 37} A
g vt Qo] (Hwang and Hopke, 2011; US EPA,
2009; Buset et al., 2006), 7] & PM2] LAY 7]o{=
T SRt AR =g g AR EA Qlnk 11
U A71o] & 2dle pos T2 13olm E4 script
languages] gt olal7} Basto] @747} A8l
ole}e EE 7213 ek, 5l BPASIATE olelat
S QT BFA7L ALES17] e EPAPME 2
25 JHISHATh (Eberly, 2005). @4 A1 A=
Fpeak®}t Fkey 5t 22 Q1A+2]H (rotational) 7152t
QA7 W Fol F7tE o] Bl A Heet RHly
A} EEo| 7F55Ht} (Hwang and Hopke, 2011).
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SfLto]th (Hwang et al., 2021). THebA] 2 A5
olME Ao 2F T PM, 5 42T &
FE o|-83}o] EPA-PMF RE =S 434510, 77|
O] PM, 5 Tl FFE PIAE L EE SR &

7t 9.949de] 7)o 8 F ok} shck

2. A9y

2.1 M=ol HF ¥ M
7] 5 PM, s Alee B3EE

= S
AT PM,s A3 2N AT AEE ]85

HIE 1. ©] e oo =2 (20,319 AW =R
A -2 IEE R, SAREY SO IEE R F)
2 rgEo] Qlok J& WRke
B2 FALRS HIES o 719 4to] f1AI5) 9o
FHOoRE XY AuAtgdeA], Z=ETHIERA] 5
o 9125 et EFF BFHFO R XTI Fof7}
ARl At
PM, s Al 2015 1€95E 20179 129€714]
HE A=E E8steH, Als HF= PM,;s A5
7] (Partisol 2300, Thermo Co., USA)E ©]-835}] 10
L/min (F7]94 248 o12]9] AfF {FF& 1671/
min) 2] FFOE 3~6Y HAH o= u4AF FRF AF
= 3ltE PM, 50 AfFer 2 F71d4 A4S St
o support ring®| F-2E PTFE ZHE 2] Teflon 7]
(46.2 mm, 2.0 um, Whatman Inc, USA), 0|2/ & 24
& 915t Teflon ®J%] (47 mm, 2.0 um<Ql, Whatman
Inc, USA), B2/ 2412 915te] A9 914 (47 mm,
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Fig. 1. Location of the sampling sites.

Whatman Inc, UK)7} A& %] I THNIER, 2019).
71940 B4 59 microwave ovens ©]-&
§F AF A2 (US EPA, 2007)E 435kl ICP w411
(Ciros Vision, Spectro Inc., Germany)= ©]-85}%] As
Br, Ca, Cd, Cu, Fe, K, Mn, Ni, Pb, S, Si, Ti, Zn 51} 2
& & 1470 F50] FA = I o] 2479 242 1C
Z¥H (850 Professional IC, Metrohm 1td.)& ©]-&5}
S0, NO;., CI, Ca?*, K*, Mg?*, Na*t, 28|11
NH," 57 22 87 ol & S0l A&o] EAH

ot gA/dE o] B2 TOT (thermal optical trans-

2 feor

mittance) 2AHO 2 QAEA (element carbon, EC)
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Fig. 2. The correlation matrix for each species.
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Aok Igolth = Aol A= AHHE AA Al
P st AEAQ A=
£ Aot HFH o= 132719 dAtmE Aot
o} E3F B Ao OC, EC, SO, NO;, CI,
Ca?*, K*, Mg®*, Na*, NH,*, As, Br, Ca, Cd, Cu, Fe, K,
Mn, Ni, Pb, S, Si, Ti, Zn 53} 22 & 247 &AAE,
o2&, FrIdaEe] A dAts R AEstg]
t}. & A GAlo A= ZF P52 signal-to-noise
< Fgste] PMF BEo] T FEES A
t}. o]H §FE-9] /N ratio 4£¢] 0.2 0|5} =, bad
7d-9+= PMF R oA A| 2|5}, 0.2 <S/N ratio<2
%, weak FEY Aol I FTFE FF7] Hstod
down-weighting2 4~ 5T} (Paatero and Hopke,
2003).
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Table 1. Summary statistics for the PM, 5 (ug/m>) and chemical species concentrations (ng/m3) at the Pohang site.

Species Category S/N Min. Max. 25th Median 75th MDL**
PM,s* Weak 9.0 4.00 54.00 10.60 17.66 24.72
oC Strong 9.8 888.08 11889.22 2243.09 3319.46 4674.57 127.88
EC Strong 4.6 70.93 1008.03 319.44 436.42 579.87 141.86
S0,% Strong 7.2 261.55 12190.00 2209.27 3471.05 5596.67 523.11
NO;™ Strong 4.0 154.85 14912.66 154.85 522.24 3019.58 309.70
cr Weak 0.6 120.63 990.00 120.63 120.63 120.63 241.27
MgZJr Weak 1.7 11.04 219.00 11.04 11.04 34.43 22.07
Na*t Weak 1.8 57.54 591.00 57.54 140.00 214.86 115.08
NH4+ Strong 3.7 314.24 7747.90 822.52 1457.76 2574.20 628.47
As Strong 8.7 0.27 16.22 2.83 4.30 5.88 0.54
Br Strong 9.7 0.35 50.79 291 5.40 7.42 0.20
Ca Strong 6.7 19.18 434.97 35.00 50.77 72.23 293
cd Weak 3.0 0.16 7.19 1.68 1.68 1.68 0.31
Cu Strong 59 0.99 28.36 4.20 7.19 12.04 1.98
Fe Strong 10.0 49.18 1099.34 147.02 238.39 344.27 2.07
K Strong 8.5 43.75 1013.64 148.59 237.32 324.59 3.36
Mn Strong 10.0 2.78 192.40 12.22 26.30 41.86 0.50
Ni Strong 73 0.19 12.24 1.48 2.27 3.82 0.39
Pb Strong 9.6 1.33 56.90 13.53 20.23 27.77 1.32
Si Strong 7.8 63.18 7369.03 336.74 466.47 745.16 14.80
Ti Strong 74 0.53 82.04 338 5.93 8.51 1.06
Zn Strong 10.0 15.48 611.41 80.22 127.52 22335 1.26

*PM, 5 unit: pg/m?>

**Method detection limit
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st meElge] oo AAAE= PM, 5 (reconstructed
PM, 5 mass) 9] FI gkl S5 ALtE]7] "ot F
7N e FollA g7l FEe AEchs 7E2 A
W] Jotesl o B st T guo 4
W A & Fsto] ettt &, & A=
SO} 89| 9= 44719] 7152 A-8sto] S0,
& "5t Ca** ot Ca®l H-9+= Cas AEI5ISITE
K* o} K= A2zt 9 EHAL
open burning)2] &4+ 2 A} (marker species)©] 2
& Ado] Fofsfof st 2 dFol M= KE AlElst
k. #FH oz 2 AFo4= OC, EC, SO, NOy,
Cl, Mg2+, Nat, NH4+, As, Br, Ca, Cd, Cu, Fe, K, Mn,
Ni, Pb, Si, Ti, Zn 5% 22 217 52 o8 A==
AEstglon, weak W4t PM, 5 ZFsto] CI,
Mg**, Na*, Cd Folth. 2t J=igh=o]l tigt S/N ratio
L &, Hdl 5% 55 3 19 AL

= HAE 2= F HETA oloke] 7k (below
detection limit; BDL) ¥} 2&X|&& 4%t t}2 3to

(biomass burning/
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Fig. 3. Source profiles of the resolved sources measured at
the Pohang site (PM, 5 unit: ug/m?3).

= thAsto] RElgof i=E X FEH 193 FE
St= @2} (error) FFS AWASHE 25 A (error
estimate) ©AO|T}. WHeF s gho] HESHA olst ¢t
o]™ MDL (method detection limit)/2 Zt 2.2, @ 2}54
o] ke (5x MDL)/62.2 HiA|5tH, E3H ZA4gko]
AEAYD A%, 715h e &, Tof| /4-gshs 24
22 7|5Hg+to] 48] gho 2 tiA|gtth (Hwang and
Hopke, 2006; Polissar et al., 1998).
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o =5 e Tt

A A QYL MY (sea salt) LFP o2 A3}
=], Nat, I, 18)21 S0, 5o] 2 79519 e
™, Mn, Fe 53 22 FEEL 7|ofohs Ao2 FA}
=it s o] FAE-2 Na, CL, SO, Ca, K, Mg &
o2 A At (Hopke, 1985). AEE Bt 71o\=
= 7FE (7.6%, 1.09 pg/m?)oll 11 7] =& el
Pom, B4 (4.0%, 0.95 ug/m®) > =4 (3.6%, 0.60
ug/m’) > A4 (1 9%, 0.45 ug/m’) 2] =02 FALE]
Ark F, ASHY A= T80l A9 gle AeR
ZAFE o] 910 22 Al 7]o % EA4S UEhdtE 11
& s194 K= vke} ol s @ A
o] BE&, 123 591 9T ®
& 7]ofshs Ao g SjlEglon, &
T} sk CWT REl g 4345t 7§T}(Support1ng
Information) S§¥ ¥ %ﬁﬁ‘)ﬂ/ﬂ 7]?1@ Zﬂi
ZAFEo] @ HAe] YA E A<t
((1¥ 6).

F g edde A7 At

o
H
industry/Oil combustion) L @H o2 FAtct A

rU

(b) Wood/field burning

Fig. 6. CWT plot for seasalt and wood/field burning sources
resolved by EPA-PMF in Pohang site.

ver and Gordon, 1988; Hopke, 1985). E?_ 715 A4
oleff F= HjE == FE2 Nitt vV 5o= dfA 9l
©] (Chow, 1995), 715 %14 @ H¥ o & FFSI3It &
Aol vol A ] AARE = §iA e

o= Nio] 2 7|9 E sh= Alew = }El%’iﬂr.’:‘é
A H 715 A e ddY] AEE Hat 7ok
o154 (19.4%, 3.22 pg/m*)°ll 11 7l°4£g LFER S
o, 54 (10.8%, 2.59 ug/m’) > 7+EH (10.1%, 1.46

ug/m®) > A2 (4.0%, 0.96 ug/m*) 9] =02 FALE
A (1™ 5). & AFA GO AL 1d WiW 7t
FEWA A7 HRe B AlEES AAs] |
T, A ikl Aol AL glot
(POSCO, 2018). =, Al 7]o{& 9] ztol= H7F 3

=l
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2 Aol WhEEE PM, 0] HlE el ofst Aol
ohet /e cle] ofgt 7lofz Aolel Aoz W
Ack AZAHAHY BF 9P, 9F B, 227
% goR AN US| 72 Bus) 9l
on, @717k Fere] ARE ulergule] ofsha of
£, 84,7128 AT PO FEGo) 72 9
F& ol AR 7oz 5L Lehf 202 B
SRt 1 2004 B mjel o] A7 4T} W 7]
94 04US 32 AN BEE 9114
Sl PAY, T12) 3 el F7MIITA] 9l Qe 9L
DA & lelst Ao Slslo] 0dq
of 91218 5] etsl Ao 2AH ek

Al HA] 29U 0C, EC, CI, K, Si 5°] 7]of5H=
A0 2 Z A E] o] BHl 1 /A A 47t (wood/field/bio-
mass burning) 2 @Y.0 2 BFI4T} 0|2 2 HY
9] 8 F2 =} (marker species)+= K, OC, CI” 522
dHA Qe Clr ol A sdTH A Az
7 #7182 AagolA iEEE Ao dEA
om, 22 AL A vl ocet Kol HiE s
= 7107 BI1H Ht QJth(Nava et al., 2020; Harrison
et al., 2012; Hwang and Hopke, 2006). A1’4 B4 7]
ArE 7124 (10.3%, 1.49 pg/m’)o] 1 7|A=E
etfiglon 54 (5.4%, 1.29 pg/m®) > A4 (4.6%,
1.09 pug/m?) > 12 (4.4%, 0.74 ug/m*) 9] £0 7 =
ALE Q=T 2 AR e T W FAA]7t
EA5tA o WhE = WY A7), FAEE A&7
S 2 B aZto] 7R Sl F2 WAgst
L ZAog Azt CPF 24 A, E9/w /484
277 Q QUL AP o] BE WU 55E W

gAjote] Bt RAET 2|94 7|dsk= ZoR
ZAE Q=T o] A2 AF7ITE Bkl = A o]
O] AtEo] HIHSHA WA sto] (NASA FIRMS, 2022)
T-8AO] FFe & AR AmETH(1H 6).

vl WA @ 9] 9+= OC, EC, Fe, Pb, 18|11 &
5], As7} =& 7|15 YEtl o] A9 (smelter) T @

Aoz AAoIH T (Taiwo et al., 2014; Hwang et al.,
2008; Chow, 1995). Al ¥l @A) A B+
7)o 7 (15.4%, 2.22 pg/m?)©0] F11 7| E
UEtfiglon oS4 (11.9%, 1.98 ug/m?) > 24
(10.4%, 2.48 pg/m’) > A= (9.3%, 2.20 ug/m*)°] &
o] 2|7k A 7]k o 2lol= AL gl HOR X
AFE|SITE. CPF 24 A7 Al T @ @92 A7
9] FE WA T2 7IQleks Ao ZAER]
TH1H s4).

oOhAl WA @ JUL Si, Ti, Ca, Fe, 12|11 K 50 &
2 7|98 UE EQF edYo= Bttt BEYF
LAY F8 FZZ} (marker species) = Si, Al, Fe, Ca,
K, Mg, Ti 322 &2 Ut} (Hopke, 1985). 19 4]
A B QAN 71oE= A7t S2F vl
won  HEglo]l AT Ao XAt 1
L2016\ 59 799] 9= 28.78 pg/m* 9] =2 7]
T 5 U=, o= F=oll A TAgh ShAte] A
2] o]5of oJgt JFo 2 AtnEY, G B Ay}
getolA Aok A2 ZAEUTHLH $9). Al
H Pt 7] 0] A, 54 (14.2%, 3.39 pg/m*) 2] 7]
oAL7} ohE AT Hlwske] £ A o® FAEGL
o, ALH (8.0%, 1.91 ug/m*), 7+ (7.9%, 1.14
ug/m?), 183 o35 (6.2%, 1.02 ug/m*) 9] =02 %
AtE]o] A¥EA Q1 Ad E44-& 2 UEU L QlTh CPF
A AT EQF QA9 A7 AF WRFellA
F& 71Q16t= A o7 A QITH( 1Y S5).

oA HA 2 d¥Le 50,7, NH,, OC, EC 5°] 7]
oJsto] 22F BHAFY (secondary sulfate aerosol) 2 F ¢
o= HFEoH 22 ] S8 FAAE s0,7,
NH,* & &2 olow, 7] 502 uiEH sO,7F 4
-(;?’]'H—]_l, NH3$]' 75613-6}0:‘ (NH4)3H(SO4)2) (NH4)ZSO4
S 22 i FEiR EAsHA "tk (Hwang,
2010). TERF 73t AAfo] Ofof FfehtgS doA
YAz 0] Agto] 'IAYSH] wizofl 7t YA H 12
o] o 5dof & TAot= 20 & Bl o] Qlr}(Kim
and Hopke, 2004). 1= Aol A= o2 AlE || |5l o
S40) 7P =2 7101% (44.2%, 7.34 pg/m’)E LIEF
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EPA-PMF RS 0|28 Z3 PM,; SHY Xi20| et 28 J[0j= 573

= 207 ZAE I

AF WA 2 FLL 0C, EC, SO,2, NO;, Zn, 18]
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Fig. 8. Comparison of the predicted total PM, 5 mass con-
centrations from the EPA-PMF analysis with measured PM, 5
mass concentrations for the Pohang site.
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S-1. CPF (Conditional Probability Function)
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(Hwang and Hopke, 2006), 7 2] o1 T H &
¥ Y& metstr] 9184+ PSCF (potential source
contribution function) Z&-& ARSIt (Hwang and
Kim, 2013).
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Fig. S7. CPF plots for vehicles source (total, seasonal, daily).
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0000 UTC 07 May 16
GFSG Meteorological Data

Source » at 35.97N 129.36 E

Meters AGL
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Job ID: 121530 Start: Mon Apr 20 12:10:47 UTGC 2020
Source 1 lat.: 35.968520 lon.: 129 359950 heights: 500, 1000 m AGL

Tva jectory Direction: Backward  Duration: 72 hrs
‘ertical Motion Calculation Method: Model Vemcal Velocity
Meteovology 0000Z 7 May 2016 - GDASOp!

Fig. S9. Pathway of air mass 3-days backward trajectory arriv-
ing at Pohang site using the HYSPLIT model for highest soil
contribution in 7 May 2016.

S-2. CWT (concentration weighted trajectory)

PSCF (potential source contribution function) =&
< A 7IEAEY B2 7S UEd dAAE
= L Al A Atsh ] whizoll o5 F &2 71
g Yetle A2l tiste] Ha B7hE & 9l
A ol2dt AAAES EeleiA Bt 4 ok
Aol Slot. ol=gt HAIEE Hebsl7] 915ke] Hsu et
al. (2003)-> CWT (concentration weighted tracjectory)
2 e-S A9TstATt PSCE Bdlo] =840l A dH 7]
FAHG 2 7|EE Bl YA ARgsho]
& Ao FAA 215 sk CWT ZE2 A
Al 717t F AAAES -8AlNA 9 71wt Agts
of 7} oA X FF A=E H@sH| wzel
PSCFQ] TS HA3F 4= Qltt(Kang et al., 2008).
CWT 298 08} o] Heojgiet.




EPA-PMF 222 0|25 23! PM, s SH2 X20f 3t 292l 7|0i 55 371

M
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714, Cyz A7k (i, j)ollA el 718w 7198, G

S-3. PMF 222! Znto]| CiSt Diagnostics

- Base model run summary

£ 7 094999 79 & (BE B5), 12 A4 (G, )
A C &t #%E AA endpointE2] 45, M2 ZZ} (i,
oA A& endpointE 2= AEES 8 on]ditt
(Park et al., 2020).

Run # Q (Robust) Q(True) Converged # Steps Q (true)/Qexp
1 7040.62 8427.57 Yes 882 8.327639
2 7172.48 8679.34 Yes 1283 8.576423
3 7274.94 8403.1 Yes 1530 8.303458
4 7040.7 8427.42 Yes 1404 8.32749
5 7173.39 8678.05 Yes 676 8.575149
6 7040.63 8427.64 Yes 1059 8.327707
7 7040.62 8427.58 Yes 1046 8.327648
8 7040.59 8427.68 Yes 1137 8.327747
9 7040.57 8427.46 Yes 725 8.32753
10 7274.98 8403.08 Yes 1329 8.303439
11 7040.55 8427.71 Yes 1097 8.327777
12 7172.63 8679.2 Yes 701 8.576284
13 7172.66 8680.27 Yes 979 8.577342
14 7040.55 8427.75 Yes 1292 8.327816
15 7172.65 8679.34 Yes 1279 8.576423
16 7172.41 8679.97 Yes 1044 8.577045
17 717243 8679.55 Yes 1406 8.576631
18 7040.62 8427.61 Yes 1212 8.327678
19 7172.55 8679.37 Yes 1106 8.576452
20 7172.62 8679.41 Yes 1155 8.576492
- Fpeak run summary
Fpeak # Strength dQ (Robust) Q (Robust) Q(True) Converged # Steps
1 0.2 36.98 7077.53 8431.02 Yes 781
2 -0.2 22.62 7063.17 8427.96 Yes 483
3 0.1 9.58 7050.13 8428.94 Yes 868
4 -0.1 6.84 7047.39 8427.81 Yes 688
5 0.4 149.43 7189.98 8433.66 Yes 556
- DISP diagnostics
Error code 0
Largest decrease in Q -0.033
%dQ —-0.00047
Swaps by factor 0 0 0 0 0 0 0
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- BS mapping
Factor1 Factor2 Factor3 Factor4 Factor5 Factor6 Factor7 Factor8 Unmapped
Boot factor1 119 1 0 0 0 0 0 0 0
Boot factor2 0 119 0 0 0 1 0 0 0
Boot factor3 1 0 115 0 0 4 0 0 0
Boot factor4 0 2 0 110 5 3 0 0 0
Boot factor5 0 0 0 0 118 0 0 0 2
Boot factor6 1 1 0 1 2 115 0 0 0
Boot factor7 0 0 0 0 0 0 120 0 0
Boot factor8 0 0 0 0 0 0 0 120 0
- Regression diagnostics
Species Intercept Slope SE R?
PM, 1.67 0.86 411 0.81
oC 740.32 0.71 1001.76 0.64
EC 114.10 0.66 143.54 0.40
SO42' 832.19 0.75 845.54 0.86
NO;~ 4247 0.97 197.27 1.00
cr 167.33 0.18 111.61 0.08
Mg?* 31.51 0.12 19.03 0.13
Na* 103.70 0.33 61.62 0.21
NH,* 312.71 0.83 34548 0.93
As 0.32 0.92 0.52 0.96
Br 3.20 0.41 2.56 0.41
Ca 1.57 0.89 21.10 0.83
cd 1.24 0.07 0.70 0.02
Cu 1.77 0.73 2.20 0.74
Fe 36.98 0.82 72.86 0.85
K 86.23 0.57 80.29 0.56
Mn 1.23 0.94 6.86 0.95
Ni 0.02 0.94 0.61 0.92
Pb 4.35 0.74 4.72 0.77
Si 116.03 0.69 159.47 0.91
Ti 0.42 0.91 1.33 0.97
Zn 6.44 0.95 20.42 0.98
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Table S1. Comparison of steel and industry related source contributions (%) in this study and previous studies.

This study Lee and Hopke Hwang Limetal. Hsu et al. Duan etal. Hsu et al.
(2006) (2009) (2010) (2021) (2021) (2017)

Sea salt 338
Steel industry 10.8 37 2.6 14.2 22 17.6 8.1
Oli combustion 35 12 7.5
W/F burning 5.6 24 2.6
Smelter 11.1 3 3.2 59 6.8 14 6.7
Soil 10.3 154 3.2 1.1 28 22 26.3 5.2
Secondary Sulfate 29.2 39.9 36.1 40.7 23 31.8
Secondary Nitrate 24.1 19.7 129 35.1
Vehicles 5.2 17.2 26.1 29 9 10 26.6 18.1
Ca-rich 11.6
Cement/Construction 20
Incineration 7.5 10
Coal combustion 15 29.5 225
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