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The purpose of this study was to estimate the source apportionment of PM, 5 using the CMB model, one of the

receptor models, using PM, 5 data collected at Saemangeum and surrounding areas from May 2020 to April 2021. Also, in

order to obtain optimal modeling result, various combinations of source profiles and analyzed species were used as modeling

input data. The PM, 5 source in the study area was suggested to have 10 sources such as soil, biomass burning, agricultural
burning, gasoline, diesel, seasalt, combustion, industry, ammonium sulfate, and ammonium nitrate, and each source profile
were developed. In this study, the average mass in study areas was apportioned to ammonium nitrate (33.2%), ammonium
sulfate (24.1%), soil (11.1%), biomass burning (9.7%), and agricultural burning (9.3%). Among the PM, 5 sources in the study
area, the Saemangeum origin source can be considered as a soil, biomass burning, and agricultural burning, and the average
contribution of the those sources was estimated as 30.1%. These results suggests the possible role for the establish effective

emissions reduction strategies of PM, 5 in the Saemangeum area.
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Fig. 1. Location of the sampling area (www.nsdi.go.kr).

20201 99 132~2020 10€ 8%; 32k 20201 12¥
49~2020% 129 23Y; 42 20214 39 139~20214
49 29) SSIGE 47t B9 T A EE T
1547]0]c}, Al=e] AHF = 16.7 L/min®] S 2=
PM, : A F]7] (KMS-4200, Kemik CO)E ©]-85}4] 24
Az E<t AF ST

PM, 9] sk, F7]d4a 4 o] 241 245 ¢
5}] Teflon *JZ] (47 mm, 2.0 um, Pall CO., USA)E, ¥
AEA B f7EA A4S flske] A o2 (47 mm,
Whatman Inc, UK)E AME5IITH 7] 94 248 9
519 Teflon oJAo 524 2744 61% Zé_‘ﬂ 7 mLe}
uﬁ 3 mLE 7}5}1 microwave 22 0] 8510 £

D NS Tl 4 aAE Faeln A

Obo

o

Hog 2£4E 71510 50 mLE mass updhe] Al®
B4 7] YA B3 2, ICP (inductively coupled

plasma) £ (ICOE-9800, Shimadzu, Japan)-& ©]-&
519 As, Ba, Ca, Cr, Cu, Fe, K, Mg, Mn, Ni, Pb, Se, Si,
Ti, V, Zn 59 % 167]] F=-& 45190t o] &A1 e
BAHo WA 28 £2&87]d YT 2554 30mLE
7Vt 5 z-ox} 511 50 mL FH| Ala B4

H

i
AR B BT ]

=

T 2 IC (ion chromatography) =415
(IC Metrohm 883, Metrohm Ltd.)& ©|-&35}] Ca**,
K*, Mg**, Na*, NH,*, SO,*, NO;~, 2831 ClI" 52 8
N ol RS EASHIT AR B4
NIOSH5040 24 (Carbon aerosol analyzer, Sunset
Lab. Inc.)2 ©o]-&sto] 571 & YAEA (organic car-
bon, element carbon)& =451 S0, tf-2-2] B30
ZEAIGE Hl-go] A= AT (Song et al., 2022; Jeong
and Hwang, 2015).

J. Korean Soc. Atmos. Environ., Vol. 39, No. 5, October 2023, pp.661-674



2.2 cMB 2

FendYe 2 SEEANE o @ A
3}e4 (chemometrics) B4 7| &2 A, A& 7] 5 4=
24 (receptor) A T2 AR} 2 HEZ (particulate
matter; PM) 2] 22|14, 9fot2] 45 245}, 7]
Aol FFE T LF9S FRstal AFH 7|oe
£ slefstel a3 t7]0d B Y AN
= A Y Eolth et -8R ] B
9@, e w2207 Sle R R 4 9l
T} (Zannetti, 2005). CMB 22-2 Miller et al. (1972)7}
Friedlander (1973)°] 2J3] A2 A|<t%]%] S Watson
(1979)1 o5l ol 24 A|A7} LHE Ut PMF 2H
7N ool LFHEY AFA 7o F42 fIal
7P BEAo 2 AMEE QI CMB RE2 ARfHE
9] B 2] (conservation of mass)¥ ZZF4Z] (mass bal-
ance)] °|E2 7|25 T 3o, 84 91710l
A S5 dadFe] o] g AA| 7]ojdZg]
St Aoh= 7PgollA 7HE 2| AAE 1 (weighted least
square method) 22 @ HYU9] 7oL &E FHTct
(Hwang and Kim, 2013; Hopke, 1985). CMB L& 2] 7]
2 A2 X=AF¢t o] FATTE o714 X&= AFHE
A= 5 otetelao] s, Av QAUA HiEH
sletA 0] FHEE (S, LAYETH), Fe N F
QL FHNA H7] Fo g HiEH WA AFEE (S,
L ALY 7E)E ouRith &, 54 AFsk Xt

LAYERE AS U]F] LI H2AlEHE o]-§sto]

_‘

Solok ¥hde] @2 e YR TE 28, =2 34
go] EAoh= LEE] 2 ofeE, 22 LAY
tigt 7]of & Grtof| ofefgo] EA{HTH(Watson ef al.,
2008; Zannetti, 2005). CBM &2 ZA7}o]| gt A1F]
T Ut dutd o2 R? gk % mass, chi-square (x°)

W& = ol gt WA, Al 4E w0l <fsh 2
5]

7199 % D)/(F BEET) 9 HIE 9mlshH 100+20%
Hojojojof gk, upz|ato 2 2 ke AtH, Z4H
FEE QAHAIF 71 FAE oJnletd, 1 olet= £
&, 172 A 4 o2 o B T o] A F
L& & AYstA] Kot AE ou|gitt (US EPA,
2004; Bong et al., 2003).

lo

2.3 CMB 22% Hxt I QLEHEFRH L

CMB &g == At A HA, At
9| tf7| o] FFS PR LHYE SRIsk= A
ol = WA, sFet A5 Aesta Al A, @ A Y2
FRE 2o Yl §iA), 7] SollA S8 FEak
I e AP TR gt BT (uncertainty) S Al
Arstal ob Al WA, ZF @ 9] 7] = E Alitshe A

o]t} (Watson et al., 1998).

CMB 20} 79 A7 I 2] PM, 5 2 Hol
et @ PR rt SE Eojof gtk 2 Ao 7
L AFEAYel F 1070 (B, AL sHA
7}, SR AEAL A AsAL A4, 71ea4, A
1, iR E, AR E 5)9 PM, 5 L dHo]
F 71082 gest 7 @ felof igt @ E
151t} &, US EPAOIA] Algsle ti7] 2

=

0.

F

i
=2
ol
i

w o
= =
e

1o K Az Mo

oot M ox n® du iy
fo Ho

o
£

7k @ Ao et L AYE-FEE BT
(3 S1). 112 SPECIATES] X4 M2 52 HH0]
™ 68457 QAU JAVFEE D THAASEA Y
QA 74 JwEo] et o] girk T3 SPECIEU-
ROPE (ver. 2)+= 537] 2ol thet & 28770 2 A<
B2 17} 23E]o] QITH(EC, 2023; US EPA, 2023; Per-
nigotti et al., 2016). CMB @0 1= 107 @&
Aol thet 2 FEE] 282 %19 I9 s19] Ye}
Higlon, =& 2&5 Uetdle =52 24 294

O] 2 A} (marker species)©]Tt.




£9-199°dd ‘€207 190120 ‘S "ON ‘6€ [OA “UOJIAUT 'SOWIY DO UBSIOY T

Table 1. Source profiles of 10 sources developed in this study using SPECIATE and SPECIEUROPE.

(unit: % by weight)

Soil Biom.ass Agricu!tural Gasqline Die§el Seasalt Combustion Industry Ammonium Ammonium
Burning Burning Vehicle Vehicle Sulfate Nitrate

As 0.00%0.00 0.00£0.00 0.00%+0.00 0.00x+1.04 0.00£0.11 0.00£0.00 0.00%+0.00 0.00£0.00 0.00x+0.00 0.00+0.00
Ba 0.01+0.04 0.00+0.03 0.03+0.26 0.00+0.45 0.07£0.46 0.00£0.00 0.01+0.03 0.00+0.00 0.00+0.00 0.00+0.00
Ca 3.02+0.34 0.97+0.39 0.02+0.15 0.21+0.15 0.05+0.03 1.4040.20 0.00+0.03 3.38+0.40 0.00£0.00 0.00+0.00
Cr 0.00+0.00 0.00+0.00 0.00%0.01 0.03+0.02 0.00£0.01 0.00+1.00 0.01+0.01 1.33+£0.99 0.00+0.00 0.00+0.00
Cu 0.00£0.00 0.00£0.00 0.00+0.00 0.03+0.01 0.00+0.01 0.00£1.00 0.01+0.01 0.17£0.02 0.00£0.00 0.00£0.00
Fe 8.63+0.98 0.15%£0.10 0.02+0.01 0.32+0.15 0.02+0.03 0.00£1.00 0.71+0.09 20.50+2.12 0.00+0.00 0.00+0.00
K 3.17+0.36 8.87+8.00 9.05+3.88 0.00+0.03 0.00+0.03 1.4010.20 0.00+0.00 247 +0.05 0.00+0.00 0.00+0.00
Mg 0.00+0.00 0.07+0.03 0.00+0.00 0.00+0.00 0.00+0.00 0.33+0.04 0.00+0.00 3.24+0.50 0.00+0.00 0.00+0.00
Mn 0.13+0.01 0.01+0.00 0.00+0.01 1.63+0.63 0.00£0.01 0.00+1.00 0.00+0.00 4.351+0.64 0.00+0.00 0.00+0.00
Ni 0.00+0.00 0.00+0.00 0.00+0.00 0.01+0.01 0.00+0.01 0.00+1.00 248+0.25 1.35+0.05 0.00+0.00 0.00+0.00
Pb 0.00+0.00 0.00+0.00 0.003+£0.02 6.00+3.00 0.00+0.03 0.00+1.00 0.00+0.00 0.41+0.05 0.00+0.00 0.00+0.00
Se 0.00+0.00 0.64+0.34 0.00+0.01 0.00+0.02 0.00£0.01 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Si 24.50+£2.79 0.00£0.00 0.00+0.06 0.00+0.21 0.28+0.16 0.00+1.00 0.00+0.08 2.50+0.15 0.00+0.00 0.00+0.00
Ti 0.77 £0.09 0.02+0.00 0.003 £0.05 0.00x+0.15 0.01x£0.15 0.00£1.00 0.00+0.00 0.10£0.01 0.00£0.00 0.00£0.00
\" 0.04£0.01 0.00£0.01 0.00+0.04 0.00+0.06 0.00+0.06 0.00£1.00 0.42+0.04 0.03£0.01 0.00+0.00 0.00+0.00
Zn 0.00£0.00 0.03£0.02 0.003£0.00 0.21x+0.11 0.04+0.01 0.00£1.00 0.26+0.03 0.64+0.01 0.00£0.00 0.00+0.00
50,2 0.00£0.11 2.89+227 1.72+0.66 0.84+0.72 3.18+0.58 10.00£4.00 14.72£6.24 17.25+0.92 72.70+£7.30 0.00+0.00
NO;™ 0.00£0.03 0.09+0.06 0.47x0.16 0.59+0.48 0.00+0.39 0.05+0.00 0.00+0.00 0.28+0.99 0.00+0.00 77.50+7.80
cr 0.00£0.00 2.93+2.11 13.53+6.45 0.00+0.00 0.00+0.00 40.00£10.00 0.00+0.00 0.00+0.00 0.00£0.00 0.00+0.00
K* 0.21+£0.04 437+1.28 9.22+4.12 0.00+0.15 3.00+0.10 0.00£1.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Na* 0.08+0.04 0.02+0.01 0.55+0.64 0.00+0.00 0.05+0.22 40.00+4.00 0.25%+0.06 0.00£0.00 0.00+0.00 0.00+0.00
NH,* 0.00+0.00 0.03+0.03 221+1.56 1.07 £0.66 0.64+0.20 0.00+1.00 0.76+0.08 0.00+0.00 27.30+2.70 22.60+2.30
EC 0.00+0.14 5.01+2.79 12.10+4.76 19.87+9.88 43.37+7.60 0.00+1.00 3.01£1.12 0.00+0.00 0.00+0.00 0.00+0.00
oC 2.50+1.07 47.95+4.93 39.55+9.54 65.47+21.42 49.14+12.69 0.00+1.00 1.99+1.33 0.00+0.00 0.00+0.00 0.00+0.00
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TMAC Tot Mass by gravimetry (ug/m3) GUNO001 |SOILO1 * * & 2 Soil (AVG)
S4c | so4 * * X [sulfate by IC (ug/m3) GUNO002 |BIOBUR * * * Biomass Burning
N3IC | NO3 @ i *  Nitrate by IC (ug/m3) - -

- GUNO003 [AGRBUR & & & Agricultural Burning

cLIc cL & & % Chloride by IC (ug/m3)
KPAC K 7 * *[Soluble Potassium by IC (ug/ms3) GUNO004 |VEHGAS ~: & & & Vehicle (Gasoline)
NAIC NA * * *  [soluble Sodium by IC (ug/m3) GUNO005 (VEHDIE * Vehicle (Diesel)
N4TC NH4 * * *|Ammonium by IC (ug/m3) GUNO006 |MARINE * * * £ Sea Salt (MARINE)
ECTC EC % X X Elemental Carbon by TOR (ug/m3) GUN007 |COMBUS * & * * Combustion (Oil)
ocTe oc * * *  |organic Carbon by TOR (ug/m3) SN0 NG = * = = ndustry
ASXC AS & Arsenic by ICP (ug/m3)
BAXC BA % Barium by ICP (ug/m3) GUNO009 |AMSUL * * * & AMMONIUM SULFATE
CAXC CA * * *  |calcium by ICP (ug/m3) GUNO10 [AMNIT & e & & AMMONIUM NITRATE
CRXC CR £ % & Chromium by ICP (ug/m3)
axc | @ * * * * _ |Copper by ICP (ug/m3) Species|Sources| Species|Sources
FEXC FE i & i 7 Iron by ICP (ug/m3)
KPXC K-S * * % *  |Potassium by ICP (ug/m3) @ O 0 )
MGXC MG * % X * Magnesium by ICP (ug/m3) @ @ @ @
MNXC | MN * * * *  |Manganese by ICP (ug/m3) ® @ ® ®
NIXC NI * * & * Nickel by ICP (ug/m3)
PBXC PB 5 = * *  |Lead by ICP (ug/m3) ® @ @ )
SEXC SE * * Selenium by ICP (ug/m3) ) @ ) @
SIXC sl = & = *  |silicon by ICP (ug/m3) (@) @ @ @
TIXC T * Titanium by ICP (ug/m3)
VAXC v * * Vanadium by ICP (ug/m3) & @ & ®
ZNXC ZN * i * & Zinc by ICP (ug/m3) @ @ @ @

Fitting combination

Fig. 2. Combinations of fitting source profiles and fitting species.
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Table 2. Estimation of the goodness of fit of each combina-
tion for CMB modeling.

Source Species R2 X2 % Mass
©) @® 0.86 9.4 81.1
©) @ 0.82 10.8 81.2
©) ® 0.80 11.6 76.5
©) @ 0.82 114 80.2
@) ® 0.86 10.7 80.3
@ ® 0.82 115 81.8
@ ® 0.80 123 77.6
@ @ 0.83 123 79.9
® ©) 0.87 10.0 81.0
® ® 0.83 10.9 81.4
® ® 0.81 11.9 76.7
® @ 0.83 12.0 79.5
@ ©) 0.87 10.4 80.3
@ @ 0.83 11.2 81.8
@ ® 0.81 12.1 776
@ @ 0.84 12.2 79.9

AVG 0.83 11.3 79.8
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Supplementary Materials

Table S1. Profile codes of SPECIATE and SPECIEUROPE used to obtain source profiles of 10 sources.

Source Source profile code
Soil 3196 3458 3398 3403 3408 3413
3494 3512 91101 269*
3232 3233 3234 3235 3236 3237
Biomass Burning 3238 3239 3240 3248 3273 3278
3767 3768 3769 119%
Agricultural Burning 3243 3448 3453
. . 4895 4896 4897 4898 4899 4900
Gasoline Vehicle
270*
Diesel Vehicle 4859 4860 4892 4893 270*
4310125 5675 5676 5681 900132.5 111*
Seasalt
50
. 4873 4874 4875 4876 4877 4878
Combustion
125% 271*
Industry 283012.5 283022.5 283032.5 283072.5 106*
Ammonium Sulfate 254102.5 273*
Ammonium Nitrate 254092.5 272*

*: SPECIEURPOPE source profile code
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