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Abstract Organic compounds, such as polycyclic aromatic hydrocarbons (PAHs) and fatty acids (FAs), are emitted from
specific sources and can serve as molecular markers for PM, 5 source apportionment. In this study, the characteristics and
sources of PM, 5 and 57 associated organic species (OS) were investigated in Ulsan, Korea. The OS exhibited significant
correlations with PM, s and organic carbon, indicating that they can serve as effective tracers of PM,; high-pollution
episodes. FAs and n-alkanes were dominant in spring, reflecting mixed influences from industrial activities and biogenic
emissions, whereas levoglucosan concentrations were elevated in fall, highlighting a strong impact of biomass burning.
Positive Matrix Factorization (PMF) was applied under two scenarios: one using major PM, s components and the other
incorporating both major components and organic species. The PMF results identified secondary inorganic aerosol as the
largest contributor to PM, 5, followed by biomass burning, industrial activities, fossil fuel combustion, and natural sources.
When 21 organic tracers were included, the PMF analysis further resolved secondary and primary organic aerosol sources and
distinguished biomass-burning contributions into local and long-range transported sources. This source separation was
further supported by diagnostic ratios of PAHs. Overall, these results demonstrate that integrating organic molecular markers
into receptor modeling substantially improves PM, 5 source resolution and provides quantitative evidence for the combined
effects of primary emissions, secondary formation, and regional transport in an industrialized coastal city.
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Fig. 1. Location of the sampling site at UNIST and wind rose diagrams for Ulsan, South Korea, during the sampling periods.
The locations of the automatic weather station and the air quality monitoring station are also shown.
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Fig. 2. Temporal trends of PM, s, OC, OS, and individual OS groups of non-polar and polar compounds in Ulsan during the

spring (May 13~June 6) and fall (October 4~November 2).
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Table 1. Mean concentrations of the target organic species during the overall sampling period.

Compound Concentration

Compound

Concentration

Polycyclic aromatic hydrocarbons (PAHs) (ng/m?)

Fluorene (Flu) 0.02+0.01 Phenanthrene (Phe) 0.06+£0.03
Anthracene (Ant) 0.03+0.01 Fluoranthene (Flt) 0.09+0.05
Pyrene (Pyr) 0.09+0.04 Benzo(a)anthracene (BaA) 0.07£0.05
Chrysene (Chr) 0.09+0.07 Benzo(b)fluoranthene (BbF) 0.35+0.29
Benzo(e)pyrene (BeP) 0.19+0.13 Benzo(a)pyrene (BaP) 0.20+0.18
Perylene (Per) 0.04+0.03 Indeno(1,2,3-cd)pyrene (IcdP) 0.13£0.11
Dibenzo(a,h)anthracene (DahA) 0.04+0.02 Benzo(g,h,i)perylene (BghiP) 0.07£0.05
Coronene (Cor) 0.08+£0.05 1,3,5-triphenylbenzene (TPB) 0.09+0.07
n-alkanes (ng/m?)
Cso 0.20+0.20 Gy 0.26+0.29
G 0.58+0.56 Cs 0.99+0.93
Coa 0.98+0.91 Cys 1.62+1.48
Cag 1.83+1.73 Cyy 3.19+3.15
Cg 1.75+1.80 Cao 3114337
Cso 2424278 Csy 2.89+3.03
G, 1.67+1.64 Cs3 1494131
Csa 0.90+0.78 Css 1.23+1.06
Cs6 0.02+0.04
Fatty acids (FAs) (ng/m?)
Dodecanoic acid (C;,) 2.06+2.57 Myristic acid (Cy4) 2.18+£2.99
Palmitoleic acid (Cg) 0.10£0.21 Palmitic acid (C;6) 341+334
Oleic acid (Cyg) 1.00+£1.27 Stearic acid (Cyg) 40.8+40.0
Eicosanoic acid (Cy) 141+£1.43 Docosanoic acid (Cy,) 1.60+1.44
Tetracosanoic acid (Cy,) 0.69+0.57
Dicarboxylic acids (DCAs) (ng/m3)
Malonic acid 11.6+£11.5 Maleic acid 0.09+0.03
Succinic acid 1.13£1.25 Fumaric acid 0.08£0.06
Glutaric acid 0.56+0.54 Adipic acid 0.44+0.37
Pimelic acid 0.37+£0.41 Phthalic acid 0.47+0.15
Isophthalic acid 0.20+0.12 Terephthalic acid 0.54+0.29
Azelaic acid 0.78+£0.94 Sebacic acid 0.35+0.16
2,3-Naphthalenedicarboxylic acid 0.05+0.04
Sugars (ng/m?)
Mannosan 9.38+1.35 Levoglucosan 299+315
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Table 2. Comparison of PMF results for PM, 5 source contributions with and without organic species.

Factors

Case 1: PMF without OS

Case 2: PMF with OS

Secondary inorganic aerosol
Secondary organic aerosol
Primary organic aerosol
Biomass burning

Local

Long range transport
Industrial activity

Cu related emission

Oil combustion

Coal combustion
Natural/Marine source
Soil

39.3% 27.1%
- 12.5%
- 4.8%
23.6% -
- 21.8%
- 3.7%
4.4% 5.8%
6.5% -
9.0% 9.8%
1.4% 1.3%
5.5% 3.8%
10.3% 9.4%

Z wj&o] A2 FeE= Tu|EAYAHoL2AL
SEHE At 2y & 0.83+0.13, 7H2E
0.81+0.3302 QAL =28 HYth AT A
£ Du|EAAHOIEAL Hlgo] FEI|Y HjEoA
A4 7)ol A 2~4, A1) Q191A Hj
Z(ze] HiE} AL 9R] F)oAE 2 olste] WS
£ Hole Zlog B EQIth(Balla et al, 2018; Mu
et al, 2021). TFebA] B A ATHE 54 $E3 B
H & elo] P vashe Ao R woEr,

£ 401, A

3.4 2EH 7|0z LMY

PM, 0] L A9E A o= H7IsH] 915] PMF
= TSI, PM, s TAEE (5T ©l, 2
T g2 uF 55 dHdes 8% Zrupd
AIE IH 50 et & 87l eddes
wE9leH, ol LAWe IA 27} FrloolzE
(Secondary Inorganic Aerosol: SIA), AFH S, AA7]
o A7 s 2R 5 ok A (s0,7), &

AFE (NOy), ¥ HE (NH, D)ol =2 Hl&& Hol= 2

nde
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