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Characterization of Aerosol WSOM in a Coastal Industrial City
using Fluorescence Spectroscopy and Air Mass Trajectory Analysis
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Abstract Water-soluble organic matter (WSOM) is a key component of atmospheric aerosols, influencing their
physicochemical properties and atmospheric behavior. In this study, the fluorescence characteristics and transport-related
features of WSOM were investigated in Yeosu, a coastal industrial city in southern Korea affected by both continental and
marine air masses. A total of 63 aerosol samples were collected at 8-h intervals from April to May 2025 and analyzed using
excitation—emission matrix (EEM) fluorescence spectroscopy coupled with parallel factor analysis (PARAFAC). This analysis
resolved three components, including two protein-like (C1 and C2) and one humic-like (C3) component. Additionally,
fluorescence indices (Fl, BIX, and HIX) and 48-h backward trajectory analysis using the Hybrid Single-Particle Lagrangian
Integrated Trajectory (HYSPLIT) model were applied to examine general source characteristics and transport patterns.
Notably, no statistically significant differences in fluorescence components or indices were observed among trajectory
clusters. This points to a potential homogenization process in which active air-mass mixing overrides initial source-specific
signals. Despite this homogenization, trajectory-based spatial analyses (CWT) suggested limited component-dependent
transport tendencies, particularly for the more stable humic-like component. Overall, this study indicates that the observed
homogeneity is a distinctive characteristic of WSOM processing in a complex coastal-industrial atmosphere. Furthermore,
integrating fluorescence characteristics with air-mass transport may provide deeper insights into these source—processing
relationships.

Key words: Water-Soluble Organic Matter (WSOM), Parallel Factor Analysis (PARAFAC), Fluorescence Indices, Hybrid Single-
Particle Lagrangian Integrated Trajectory (HYSPLIT), Concentration-Weighted Trajectory (CWT)
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Table 1. Excitation (EX) and Emission (Em) maxima of the three fluorescent components, their assignments.

Components Peak Ex/Em (nm) Assignments EEM
1.0
0.8
T 06 £
a1 230/295 Tyrosine-like £ "
0.2
0.0
Excitation (nm)
1.0
0.8
£ 06 £
o) 280/305 Tryptophan-like i
0.2
0.0
Excitation (nm)
a 230/415 Humic-like 2

1.0
0.8
0.6
0.4
0.2
0.0

250 275 300 325 350 375 400 425 450
Excitation (nm)
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2005). 2 A E C19] emission loading= 300
om olafe] gk gelol WFElo] Lepstew (1
2 54), o WPS T 722 Sgo] AT vl
4 Geg 3 F2U 542 MY Ao Y
= 4= T} (Stedmon and Bro, 2008).
= A &% 4E<2 Component 2 (C2)E= Ex 280
nm/Em 305 nm 524 o] &3 5 HgloH
(£ 1), ol= YF¥H 2= tryptophan-like FF JES
& 2REHe ~HES EAT Bt (Murphy et
al., 2014; Coble, 1996). Tryptophan-like A3+ indole
s xedshs WEH FxolA 7Idske 9% 5
4& 7HAH, tyrosine-like & H|s] A} X7t
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¥Tth(Murphy et al., 2014; Coble, 1996). 4135 A--of| 4]
£ o3t g E/o] uE thAr ol A A =]
|F g M|aE ¢ BH|E (extracellular poly-
meric substances, EPS), T= &4 7| G7&
o] 84 FH HEAoT W A9 Anslo]
THEE WE It (Chen et al., 2016; Stedmon and Bro,
2008; Yamashita et al., 2008). Emission loading Z ¥}
oA C2i= Crof Hlsh Fubd £o2 EEM ATEH
o] A= 0156]- JEE HP=d(1H $4), o]+= 3}
2. AESA Hgyt AuE Ao g pIxA B
Aol %‘7]’6]' Pd B o= dj4E 5 3tk (Chen
et al., 2016; Stedmon and Bro, 2008). W2}A] H 17
oA BEHE C2 &2 Clo Hls 7274 EAJo]
iAo &2 gl wsoMd 7HsAS A4

Sh= oA s 4= Qi

ANl A A& Component 3(C3)2 Ex 230 nm/
Em 415 nmol|A] Xt 3 Z=5 vepfiolon, &
a2 99 (>500 nm)7HA| A5 7F SAbE= oA

M r

=

HAhE 1). o8]t ¥ 542 7|E AFolA &
914 (humic-like) WSOMLO.2 BE2Ej= H&Z ol A
HEY EA} & Faol, B¢ UgS 12 E
ZH= DB §U1E EEAA BEEE 93

Z 2 HI1E|o] gFtt(Chen et al, 2016;
Bro, 2008; Yamashita and Jaffé, 2008). *dé‘i?ﬂ?oﬂ/ﬂ
L ol9} SARH 9 BA0] £ 719 718, A4
Tyt Qe ool wE o] % B ke
S 4L AT §o1RelA PR Al B v}
QIt}(Chen et al., 2016; Yamashita et al., 2008). C3 /3
29 Emission loading2 @ T Fof =3tE]7| K}
= 350~450 nm HYE FHOE HwA Y oy
Gl 24 Fxste 54 HEH oW (119 S4),
ojgfet Wil B4ttt WE RE e thefeh A
(chromophore)©] THH FZ2AH 02 0] 15

= &A1Y 3 A %
Qlt}(Cao et al., 2023;

and Jaffe, 2008; Stedmon and Bro, 2008).
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=
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Fig. 1. (a) Frequency distribution of FI, (b) BIX, and (c) HIX
values.

ATl FI glo] AthHoR dess 44 7]
A7t oS UAE 7197 RaHe] gt
(Cory and McKnight, 2005; McKnight et al., 2001). £

E

oF AR WSOMo| A S

>
o
09
HE
1z

Table 2. Fluorescence Indices.

Count Mean Std Min
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=0
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H 1T

g MR, el AR}
B350 nq (1 1a), ©l= WSOM E‘M
7}% w910 9141 M

Iz qq qggﬂma
_ggs}oq OEH A9 WSOMO]

BIX A= & =43 DoM 9] &
7195 Uetll= 282 AQFE]o] £EO ™ (Huguet ef
al., 2009), & Ao A BIX g2 0.53~1.14 H$
(0.81+0.13)5 UEMATHE 2). BIX 3| 2 E 13 (1
1b)S HH, 45 AlzE v d 52 BIX 32 B3
O, A Alae S e B2
Gt ol et B
71098} tf7] & §d - oflo]
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= =AA vAE 71, FAY aF
351514 ofo]A], 181 =
o] 1:H7]9} ]—14 _,,]-14_,] Oﬂ% = %/\]Oﬂ =L
Ash= Az s§A=E 4 o} (Fellman ef al., 2010;
Huguet et al., 2009; Cory and McKnight, 2005).
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Fig. 2. (a) 48-h HYSPLIT backward trajectories arriving at Yeosu, where trajectories are colored individually to represent daily
transport pathways. (b) Results of hierarchical clustering (K=3) applied to the backward trajectories, showing their relative
frequencies. The trajectories are classified into Cluster 1 (blue), Cluster 2 (brown), and Cluster 3 (light blue), indicating distinct

air-mass transport regimes influencing the sampling site.

T2A BT tf7] F 99 g whgtt dns
A 4= ik AT A9 4= sfigte]l YA
Atz 0 2, e 717-2] RIFSh -9t =12] 4] vy
E499] 4FS FA T FHolt dldF fe
&2 S BAE f71E vl Aid oz B4
St AL W 120 7 et EAS U= A

o7 Higo] 2t} (Stedmon and Bro, 2008; Yama-
shita and Jaffé, 2008; Coble, 1996). TG A3
w2, 2 AN} olo] uhe Fsjera Ast 7}
Ao B Sl LZE B2} JH 2 M5t
HIXE AAA7|E 232 Bt (Chen ef al., 2016;
Zsolnay et al., 1999). & ATollA 57473 A=2ef 7}

7HE F1 228 014 A2 (C3)0] EIEHASNE
E5I HIXVF 97 A1 H2, &4 9 A4 &

BolH 71 90g f71=] %
A}k sl B4 5}01]/\1 e s 3
o 7}_/&% S X AYeteh ZofAlof W b 2] Hof A

b

Q}HL Ao 2 HAEo] §) O (Kang ef al., 2020; Li
2019; Monks et al., 2015), o2t &AL
WSOMS| #+x2 |3} A12AeHE sk 29l

o2 A4 & gtk S, ol4: 7o wsome]

et al.,

98 2t AR Al A A
22 71F0R AN 4847 A B Avke 1t
BRIk, A AR FobAlof Autel A w71
Rt EAE PP ngor], 55 37 B2 s,

SHIE Aglioh, T2 GE oA 7] het 7] F7t
SAISHA ST o]t 7| F BE B2 o
211 o] wsoMe] =24 viEe] JgFmyt ofe}
A % B4 ] dFE FAl TS 7S Al
Abgtet,

FHHo=, AlAe] fe- A HEE 7|HtoR
ASA 23t (Ward A2H)E 43 A7t F 370
o] & o] EEFHUTH(IH 2b). 7 12 T
SHet gellg Aaote] THIEE §YEE HE2E,
AA WA oF 492%E AHA|sHATh 7] 2= Rt

= g U S et vay ge Aeg o5
OE H

AAL =2 36.5%E AFASFA oW, +4 3

rlo
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Fig. 3. Boxplots of PARAFAC component scores (C1~C3) across the three HYSPLIT trajectory clusters.
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Fig. 4. Boxplots of fluorescence indices (Fl, BIX, and HIX) across the three HYSPLIT trajectory clusters.

oA FU=HE FAY HHCR 143%5 2AstY A HF Zo]= C1(-0.073~0.162), C2(-0.031~
t}, oo} o] FEHE Al L Aolgt 71 24 E 0.085), C3(-0.005~0.011) H o] HERH oW, RE
2d wAE Tdste AR |t o], o]F CWT  H|Wof|A] 95% Al=]F7to] 02 Z3tste] {25k &}o]
9 PSCF 2404 A 71 A& #3sh7] 91 = AZEEHA EATH(p>0.05). 2] HH E4 (Fl,
e 7% ZAtm 2 B8 E Ik

3.4 7|=0| 2 wsoM d&2 E4d
HYSPLIT trajectory cluster (Cluster 1~3)°] thsll & F=stot7] $1s) A337] (%, ))& F7I2 A=

BIX, HIX) E3t 3] 7 2tol7} EAA = fogh
ZpolE Holz] FSkth(1H 4). D=t A F
7 wekg Betstr] fiste] 24 aate] AdA 17

PARAFAC A8 (C1~C3)9] B2 v wstdrh(1d sk 1 23, 2= C1=0.052, C2=0.049, C3=
3). LEAEA (ANOVA) 23 C1, C2, C3 BT 0.017 502 Yegon, Bt 520 2 HQ
cluster F Zpol= FAACE [OolotA] AA%UTh(p> w27 0.020, 0.017, 00l ZHT o= FHEHU
0.05). Tukey’s HSD AR AR AT BE custer o] THE $3). o] 73 7+ Hat Zpol7} EA5IE =
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T AR A

= AARRETE
FH AR BE J1E (n=63, k=3)°A9] 5AH

AREe Brlshr] sl UdE A4S SAsk
=0.05 % 80% HAEHS 7IEo= At 4 4

o=

H5/dol vl AR =0l =

%3437]‘_ Cohen’s f=0.401 (> ~0.139) ]l 355}
ol LB AFlA BEE A7) (nP=
0.017~0. 052)— g A Gl mAA] ghore

o] A 7} ztol7} ZA st vl A 2He :rf‘E
P2 7Hsd dE. olget A= B AT 7]
B2t wsoMe] @ EAJo] AHlA e whet

B o

tlo o m of rlr

FAGE RS, o2l b))
o wgdos a}%s}oq T 2 Aol AR
Fse WEd,
2 7 Aolrh BEBST 2 o B
8
E

S

A go] =27
L= dlof] tisiA= et 22 7Fs & 1
2l 4= Qloh 3, th7] AR 2 - A 9] 9
o] 7Fs/doltth. ti7] & WSOM HiEH o=
TSRV 5= A Erdst gatet 4kt
9 22 A 9Hg-& RFeIT (Yu et al,, 2021). ©] 2+
AollA zF 719 19| 3leh - g3z B4 &
@ A1} Rolo} Beld £ AR B2 44
W, AFHozL setd oz QA AR Y
(homogenization) == 74 &S K QItt(Santos et al.,
2021; Hawkins et al., 2003). 53] oJ4=¢} Zro| st
|4 715771 §Ifls] wakshs 2|92 7]d 7F 29to]
sharstel, 27 719 4871 ool F4elA 314
A HFH o= ] 1t FF 59 ApolE HAA
7= o g 28-S JHsAl o] Ut (Parent et al,
2023). A4, @7 717 21 2 =2A 2419] Jgfo]
o} &2 A= 357 AR 717 B8 AE e
o 7|1Zt FC HEE, YA, ti7] 4telks & /\V]
7}z Wshs @] 714 8.919] ¥ME/do] WwsoM F3

E

['

_|O

A& 7Fsd= wiA o /leh(San-
tos et al., 2021; Hawkins et al., 2003). 535] B4 2] 7
@ UA 2L B3} AoHE 2] WSOME]
B} P29} B 54S WA WAL 4 e
oleftt I A Al ThE Aol ofshA
Z& 7Vs/d0] Ath(Chen et al, 2016). A, vjE<
of Bgpyst FAH R ] Jgoldt, @ 4
§9] ot ol A7 HIATR|S] B3 hE U ol
2 oorel S BAG] W A2 S48 AU}
(Yeosu City Government, 2024; Choi and Kim, 2023).
SHeh Ao A HEote S5 =t AYBAS
(PBL) W19] =24 7 232 A FH oo|2F &
F9 Qqolog Za3lIth(Chen et al,
2016; Miller et al., 2003). ©]2]5F oAl Aol
e ofelzzo] WEHo . Eyum, AnHo
2 34 7 R Aot TR dehiA oS
501 9)
wEbA], 2 AgollA ] 2F 3 S49] SAA
zpo|7F eA] k2 A2 £4 71771 WSOM &
A& SR g sk ks oeFet 7] B
o] 7] ztol & A RS 74 s
%}9}6—}@ oflo]olut it Ao gt =24 &
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=8 YR
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Fig. 5. Concentration-weighted trajectory (CWT) maps for WSOM fluorescence components based on 48-h backward trajec-
tories below 500 m. CWT values were Z-score normalized independently for each component and trajectory cluster using the
mean and standard deviation calculated within each condition, highlighting relative high-contribution regions within individ-
ual clusters rather than absolute inter-cluster differences. (a) C1-Cluster 1, (b) C1-Cluster 2, (c) C1-Cluster 3, (d) C2-Cluster 1, (e)
C2-Cluster 2, (f) C2-Cluster 3, (g) C3-Cluster 1, (h) C3-Cluster 2, (i) C3-Cluster 3.

B 7lol, AAZE AT EE Sl WSl
B @5 20} AT WEA0] 2 AL B
7V He)t Al 0 2 ek 4 9lek W, CWT
BAe SAG 992 27 Shold BEE FhE
@7 050 A44 Rug wefolne, B A7)
o] WSOM 49| E4jo] FelshA] 7] g
Aoz B2 S dotet o] £-88 JRE
A3 4 ik 53] oleier B SAA Rl
slepsteleks e ol A el 3
2 E 5 Qe beae AEsh U 28 o ot

(Wu et al., 2020; Diapouli et al., 2017; Chen et al.,

=
S5t 2 AT CWT A== AR 2 B9 2
A (FH/ALLE R Z-35 AekE 289 A A
B8, 2= 2+ Aoyt BluEthE Y A= HlellA
o] A 73t 49 (positive z-score) 2] FZF HE-S

sl o 24e ok

Cl 4Ee| 312 RIS HEH, CWT 240
A AT BE F7Hs 2 BT Aot 9 oy
shell Fgislo] Lehor] (19 5a,b), L P
7Rt SAT ZANAE A OR WA BA
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48 4tk 71E A7 B4Ho R Ry
(Chen et al., 2016; Yamashita et al., 2008).
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Chen et al., 2016).
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Table S1. Summary of fluorescence index (Fl, BIX, HIX) interpretation ranges reported in previous DOM studies. The threshold
ranges are presented for contextual reference based on aquatic DOM literature and were not directly applied as diagnostic
criteria for source apportionment of atmospheric WSOM in this study.

Fluorescence index Criterion/range Interpretation References

McKnight et al. (2001);

FI<14 Terrestrial-derived DOM Cory and McKnight (2005)

FI (Fluorescence Index)
McKnight et al. (2001);

FI>1.6 Microbial-derived DOM Cory and McKnight (2005)
BIX>1.0 Fresh microbial contribution Huguet et al. (2009)
BIX (Biological Index)
BIX<0.8 Humified DOM dominance Huguet et al. (2009)
N . . Zsolnay et al.(1999);
HIX>0.5~0.7 Highly humified DOM 0Ohno (2002)
HIX (Humification Index)
N I Zsolnay et al.(1999);
Low HIX (< ~0.5) Weak humification 0Ohno (2002)
Table S2. Coverage and stability metrics for CWT analysis.
Rows_used Valid cells Reliable cells Reliable (%) Mask rule
Drop bottom 20%
Cluster 1 31 265 17 4415 SUMT>2.0h & Ntraj>2
Drop bottom 20%
Cluster 2 23 212 95 4481 SUMT=2.0h & Ntraj>2
Drop bottom 20%
Cluster 3 9 132 37 28.03 SUMT>2.0h & Ntraj>2
Drop bottom 20%
ALL 63 563 244 43.34 SUMT=2.0h & Ntraj>2

Table S3. ANOVA results and effect sizes for PARAFAC com- Table S4. Sensitivity analysis for one-way ANOVA (n=63,

ponents across trajectory clusters. k=3).
F p-value n? w? Parameter p-value
C1 1.630 0.205 0.052 0.020 a 0.05
(@) 1.558 0.219 0.049 0.017 Target power 0.80
a3 0.529 0.592 0.017 =0 Minimum detectable f 0.401
Corresponding n? 0.139

J. Korean Soc. Atmos. Environ., Vol. 42, No. 1, March 2026, pp. 139-159



	형광 스펙트럼과 기류 분석을 활용한 해안 산업지역 WSOM의 성분 특성 및 수송 경향 분석
	Abstract
	1. 서론
	2. 연구 방법
	3. 결과 및 고찰
	4. 결론
	References


