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Vertical Distributions of PM; Chemical Composition and VOCs over

the Seongseo Industrial Complex in Daegu: An Aircraft-Based
Morning-Afternoon Case Study
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Abstract  This study presents an aircraft-based case study of the vertical distributions of PM; chemical composition and
selected volatile organic compounds (VOCs) over the Seongseo Industrial Complex in Daegu, South Korea, on 23 April 2022.
Non-refractory PM; and VOCs were measured using HR-ToF-AMS and PTR-ToF-MS, respectively, during the morning (RF1; 340~
1,600 m) and afternoon (RF2; 340~2,400 m) flights. Vertical profiles were constructed using 100 m altitude bins. The boundary-
layer structure was diagnosed from temperature and relative humidity profiles, and the entrainment zone was identified at
approximately 1,100~1,200 m in the morning and 2,000~2,100 m in the afternoon, indicating substantial daytime mixed-layer
growth. Mean PM; concentrations increased from 4.22 +3.98 ug/m? in the morning to 9.85 +4.27 ug/m? in the afternoon. The
vertical distribution shifted from a lower-level accumulation structure in the morning to an elevated maximum at 1,200~1,600 m
in the afternoon. Organic aerosol was the dominant PM; component at all altitudes and accounted for most of the afternoon
enhancement. Elemental analysis showed lower O/C and higher H/C ratios in the afternoon, suggesting a greater contribution of
freshly emitted primary organic aerosol. Nitrate and ammonium increased together within the same altitude range, implying
enhanced formation or partitioning of ammonium nitrate in the developed mixed layer, whereas sulfate showed relatively
smooth vertical variability, consistent with a stronger regional background influence. VOCs also changed from lower-level
enhancements in the morning to vertically extended distributions in the afternoon. Acetone showed the largest increase, while
toluene and MEK reflected primary industrial plume influences. These results demonstrate that vertical pollution heterogeneity
over the industrial area is governed by boundary-layer growth, vertical redistribution, and local emissions. The findings provide
useful observational constraints for air quality model evaluation and support time-dependent emission management strategies
for industrial complexes.
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Fig. 1. Study area overview: (a) location of Daegu within South Korea and (b) detailed topographic map of the Daegu high-
lighting the Seongseo Industrial Complex (A).
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Table 1. Summary of the research flights.

Altitude
range (m)

Date
(month day, year)

Research
flight#

Flight time
(hr:mm~hr:mm)

RF1
(morning)
RF2
(afternoon)

April 23,2022 10:15~10:50 340~1,600

April 23,2022 14:40~15:20 340~2,400

10:50, 2% 2:40~3:20°] afFstct 27 H|FPA A=

oF 340~1,600 m, 2% H|Fof| A= 340~2,400 m H <

oA 5P HldE skl edEAe a1

w2} 2] F2F wrologit. @AY @ 7o) Ik

HRAE th2A] et A2 7| Aol wet o4 o

H| @%of pBLO| TE= EAS HHgshr] flte
7

2, GEuE A A5 e 5 /4 Aot 2
A o] AAZE S5 BEE FPAoR Tefstol

Hje) 12 29

2.3 PM; £ 24

High Resolution - Time of Flight - Aerosol Mass Spec-
trometer (HR-ToF-AMS, AERODYNE, US.A.)E ©]&
sto] PM, sfebdwS SAstEon, s A%t
Fast Mass Spectrum (FMS) B2 &850, AR =
A AF2 ; 20] 7]&5F T (Drewnick et al., 2005).
EMS -2 1 Hz A 0 8 AFAHEYS S5t
gAjolm, 2o A BEsh= I ARt 2olE
of| z}o]7} QItt(Kimmel et al., 2011). HR-ToF-AMS+=
zx% ;q o ;17_14 o]iﬁ}g% _,37_14 01;(].37] 517_;(4
—’Fﬁ A I“/]'(Park et al., 2023b; DeCarlo et al., 2006).

H A== IGOR Pro 3-8 A ZE o] (Wavemet-
rics, USA) 7|5toll 4] ToE-AMS Toolkit (Version UMR
1.65B, HR 1.25B)E ©]-8-5to] A5t 2™, CDCE

£ A8

-l> o J

(Chemical Dependence Collection Efficiency)

Table 2. Summary of HR-ToF-AMS analytical conditions for
the aircraft measurement.

Items Contents

HR-ToF-AMS/AERODYNE
120 mL/min
130 um

Model/Manufacturer
Sampling flow
Inlet pin hole

lonization method Electron Impact (El)

lonization Electron energy 70eV
source
Vaporizer temperature  600°C
Mass range m/z=10~350
Time of Mass resolution m/Am =2,000~8,000
flight mass lon extraction rate 40kHz
analyzer Acquisition mode Fast Mass Spectrum (FMS)

Acquisition spectra every 1sec(1Hz)
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Fig. 2. Overview of aircraft observation flight paths: (a) round-trip route from Hanseo university Taean airfield to Daegu and
(b) detailed spiral flight patterns over the Seongseo industrial complex during RF1 (morning) and RF2 (afternoon).

Sto -rr7] AR, A, A, A E E AA AR o] FEESS AT TS A8kt (Miiller et
2% 58 AHAsteIch(Middlebrook ef al., 2012). +  al, 2014). 7 A} EA-L 20211 -2]itat A, o
7]“%—8— HAEAE Fofl Y48 (0/C H/IOE A 89X, 182 AAHATR7E 2)g FAltellA]
Sto] 415t -8 mhelshSth (Canagaratna et al., 2015, BA0 ti7]8lESF0] 7 B2 toluenes 41 118
Aiken et al., 2008). SEQATt. o] et A FAf el A 2letEd ZheH] 459
2 HAAEAAT, VOCs FoA4+= toluene T2

2.4 VOCs &3 24 o718} & 0] 4= methyl ethyl ketone (MEK)S Zg

Proton Transfer Reaction - Time of Flight - Mass Spec- ~ SFITH(NICS, 2026). ©]2]ol] PRTROY| A= 2] 24k
trometer (PTR-ToF-MS, IONICON, Austria)& ©|-§3t A%, A&2F wi&7ts 9 oFeh 4] S|4 &
o] VOCsE &745t9.2 ™ (Jordan et al., 2009), & 31t £ A4 BALER A3 HlE 5= acetaldehyde

J. Korean Soc. Atmos. Environ., Vol. 42, No. 2, June 2026, pp.199-219



204 d8s, N, U, ZAE, &XIF, 2T 2EY

(Liu et al.,, 2022)9} 7] & &
VOCs A& B2 2 8= acetones EPSIYTH
(3 4).

VOCs 224 WA iYL 71etH 1ppm &
FE7 (VOCs mixture, IONICON)-& ©]-85} Gas
Calibration Unit (GCU, IONICON, Austria)& 5ol T
Al og s)Aste] 7 8o tigt AFAde 24
ool 55 A5t (Shin et al., 2024; Park et al.,
2018). & 401 VOCs &4 =] diste], 24 &7
(aldehyde, ketone, aromatic) Y ZEF7tA0] thgh o]
o] A ( intensity, ncps) S AASIR oW EAE WA

L OISt $F(R?>0.999) 0 & LFERETE,

N

.5 S27A Xtz 2 x| HE =H
F3717d A=}t GPS HE+= Aircraft Integrated

Table 3. Summary of PTR-ToF-MS analytical conditions for the
aircraft measurement.

Items Contents

Model/Manufacturer PTR-ToF-MS 8000/IONICON

Sampling flow 100 mL/min
Primary ion H;0* mode
H,0 flow 5mL
lon source 5mA
Temperature 80°C
. Drift voltage 600VdC
lon drift -
tube E/N (electric field to 140Td (townsend)
gas number density)  (1Td=10""7V cm?)
Drift pressure 2.2 mbar
Mass Range m/z 10~300
. Mass resolution m/Am =4,000~8,000
;{m; of Benzene (C4Hg) =5,500
ight mass lon extraction rate 25kHz
analyzer o
Acquisition mode Scan mode

Acquisition spectra every 1sec(1Hz)

Table 4. PTR-ToF-MS (8000) intensity of VOCs compounds.

Meteorological Measurement System-20 (AIMM-30,
Aventech, Canada)E ©]-85F3IT}. AAITE 712, Afth
S5, FF 9 Bool FAo] 4590w, o) A
L 327] g4 714 AN E B8] 2AE E}(Seo et

al., 2019). FF7A Ag= AT 95 0] AR
zto], Eots Wy, I8 e J=A 9] 47 2t —E—*é

=9 9 - (RF)H
g AE AAsHA

9 13} s20fl= PM, &5t
= B3R E AAsH.
b= v e 27 340~1,600 m, 25 340~

2,400 m HeoA FAPEGloH, @ Hol= FF( )

Q %ol = E5-3(SE) ] SAISHA Yetsttt. B+ B

2 Q7 3.4740.70 m/s, 25 4.05+0.87 m/sZ 2%

of oA F7leleleh 712 dulsEs 24 1315+

1.24°C, 31.57 +19.82%, 2% 14.18 +4.14°C, 44.68 +

1546% 8 Q%of T2 7|23 5k £710] A=A

o= HojErh

71788, A4, e, g RE R 94 AR

S PM, Bt 5= 97 4224398 ug/mPoA 2%

9.85+4.27 pg/m*2 28] o4 FIFSIct PM, F

52 HR-ToF-AMSE T3 24 8S Aot vl

off HH, @ B Zhms AT A7)0l B5E 2018

Protonated Proton affinity Intensity (ncps/ppb),

Substance Class Formula mass (kJ/mole) Calibration curve (R?)
Acetaldehyde aldehyde C,H,0 45.03 768.5 24.7,R*>0.999
Acetone ketone C3HgO 59.05 812.0 27.3,R?>0.999
Methyl Ethyl Ketone (MEK) ketone C4HgO 73.06 8273 24.1,R*>0.999
Toluene aromatic C,Hg 93.06 784.3 16.1, R2>0.999
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Fig. 3. Integrated time series of wind patterns, altitude, meteorological parameters, PM; chemical composition, and selected
VOCs measured during morning (RF1) and afternoon (RF2) aircraft observations over the Seongseo industrial complex,

Daegu.

A o5 ¢ 6.9 ug/m’ (Park et al., 2019), 20183 7H&
A& 5.6 ug/m> (Song et al., 2021)2} F-A¥sEL, 2737
QT HE QY o] w2 M Add

gk 2021 & 37.2 pg/m’, 5 24.9 pg/m’HTh 2

H Q)0 4~ STt (Park et al., 2023b). QH4F
PM, &7t did oz =2 A2 4t
HjE 0] AHAQl I W AdHS

7] fj2o = St HR-ToF-AMSS

REEZE
253} =4
E-g0] 7y}
o1§3 A%
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Table 5. Comparison of meteorological conditions, PM; chemical composition, and selected VOC concentrations measured
over the Seongseo Industrial Complex (morning and afternoon flights) and the Daesan Petrochemical Complex (downwind

and upwind conditions).

Seongseo Industrial Complex

Daesan Petrochemical Complex
(Kim et al., 2022a)

Iltems
RF1 (morning) RF2 (afternoon) Down Wind Up Wind
Flight time 10:15~10:50 14:40~15:20 09:30~11:30
Altitude (m) 340~1,600 340~2,400 4614+24 461.7£1.0
Wind direction E SE N N
Wind speed (m/s) 3.47+£0.70 4.051+0.87 10~15 10~15
Temp. (°C) 13.15+1.24 14.18+4.14 5.1£0.1 54+0.1
R.H. (%) 31.57+£19.28 44.68 +15.46 723+%1.2 68.2+1.2
PM, Conc. (ug/m?) 422+398 9.85+4.27 13.67 2.11
Organic (ug/m®) 1.93+1.77 5.59+2.31 43%12 13+0.8
H/C? 1.35+£0.37 1.57+0.16 0.3£0.1 0.9+0.2
o/t 0.94+0.45 0.66+0.22 1.740.1 14402
OM/0C* 2.26+0.30 2.04£0.12 1.6+0.1 23402
Nitrate(ug/m3) 1.08£1.05 2.28+1.30 48121 04+0.3
Sulfate (ug/m?) 0.82+0.65 1.11+0.39 17406 0.2+0.1
Ammonium(lig/ma) 0.50£0.58 0.91+0.50 1.8+0.7 0.1+£0.1
Chloride (ug/m3) 0.09+0.21 0.05+0.04 08+1.1 0.1+£0.1
Toluene (ppb) 2.47+450 3.22+2.56 1.6+0.4 0.2+0.1
MEK (ppb) 1.29+0.87 1.77+0.65 - -
Acetaldehyde (ppb) 3.44+1.02 4.42+0.96 - -
Acetone (ppb) 3.81+2.02 6.05+1.82 - -

2H/C: ratio of hydrogen to carbon in the organic components
PO/C: ratio of oxygen to carbon in the organic components

“OM/OC: ratio of organic matter to organic carbon in the organic components

FEUS AmE A v L

groleh. webA] T ARt
:

F2 hEAelA Zolt glol AH HF vlae
LA} Qo S 4Ee] A Wsle ot
A=

74 G7IES [ 1.93+
1.77 ug/m>, 2—? 5.59+2.31 pg/m’Z PM, 57+ 8

7o JEo 2 2ga19lor, 20169 B4 KORUS-
AQ ¢ % ZI}H(NIER, 2020) ¥ 2| 4t 24l

o] FIeshs Aol 22 etk
(Park et al., 2023b). 124 thAt A-5-51shd2] Abg-9]
o} Wro| A ZAE PM,2 A4HA (4.8+2.1 pg/m’

o] 7R (43+12ugm’) et =1 PM, AFsE

~

7l 7P 2 71 &
PM, 743} thE 54
ANZA 1A, A, Ad71- A7 5) oz 47 At
A9 AfetetiFol Y9E tittA-faferdA]
7 A ol A 20“‘%%4 & S4doll Aol & Ht
ey 471480 9h 24 el AR of
C (oxygen to carbon atomic ratio)ﬁl' H/C (hydrogen to
carbon atomic ratio)E AHEH, O/C= 24 094+
0.45, 2% 0.66£0.22=% #AASIY I, H/IC= 24
1.35+0.37, 2% 1.57+0.16°.2 Z7}5F9ict. @ M1}
Q%o {77320 AFeE B S <ol WSfstal QL
o BolErh dRtdo g o/CE f714E9] Atst
AEE, H/Cx 48 H& E+= HOA (hydrocarbon-
like organic aerosol) 54& Ftgst= X852 &84
t}(Canagaratna et al., 2015). TtA] 2] et O/

S IstEx| M2 E M 25
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C H48t H/IC 371 A2 f71420] edHt &
AFetE D i o = 144 HiE 719 92 H 2A
WS- AARRITH(Park et al., 2023a; Kim et al., 2017;
Canagaratna et al., 2015). ¥-7]/d-22] OM/OCE PM,
o] #7184 (organic matter, OM)°] T3t F-7|gtA
(organic carbon, OC) 9] H]-&2 oJu|ok= FaHY 2|8
oj, dxtH oz 4ot 11PE4= -OH, -COH,
-COOH 59 4t49ht 248717} S7hedol whet 71 gt
T AR= 43S Bt (Canagaratna et al., 2015). &
Aol A OM/OCE 24 2.26+0.30, 2F 2.04+0.12
E Ut 2971 e Ho thA W2 ks Hele
W, ol 557} o Bl A olo] Bt Aol 2
7] gong TSt Har S| H= 24 ¥
3to] Ao g siAste Zo] Adsitt f7144%
O/C, H/C % OM/OC Z3E F9shd, 2ol
iAoz 4bebe {7 4dRe] 7]o)7F 241, %9
AAAEA 9] 121 HilE 747 Gl Bt £
o7l Ao = mekEch

VOCs 7F2-H| ¢1914 VOCsZ toluene?t MEKE 4t
Skl VOCs=2 acetaldehyde, acetoneS =459t =
A% VOCs= AT % H|gJoA Fk 40|
2= Zokelolom, M3t BT 571 AL Lk
Wk VOCs B 52 243}t 2% acetone©] 71
=k, T30 2 acetaldehyde, toluene, MEK <A1 S
LEFATE £35] acetone 27 3.81+2.02 ppbollA 2
T 6.05+1.82 ppb= 57t FHo| 7F AA LEhstt.
PTR-ToF-MSE ©]-8§5F9] AFgdeA] e eHitol A =
A =249 Ao Ak acetone 7.76 £4.36 ppbZ
A VOCs 15% 7H2H| methanol ThH9] & HAE =
& AJEo|th(Shin et al., 2024). 2} 57 F&
AR oA ST At A= acetone A3} HE
o] 6.14 ppb= Folth7| LAEH 35857} LEHT
B4 56% 7Fd 7H =2 55 Hth(Chae et
al., 2024). RF:F 9 A9} WA Ao Ao A A4t
2] M acetone> VOCs 5 ZA%loH= 84
S ZRlH

Acetoned} &7 acetaldehyde= carbonyl 2}3H=0]

o

]_

o

Fs= A8t VOCE 24 3.44+1.02 ppb, &5
4.42+0.96 ppb= acetone T O 2 =2 £ L
Witk QP57 w2 SHF AFIER] Q1 5.37+2.09
ppb%t At -G-8l R] 1 6.74+7.03 ppbETt &
Zqh o 58 FAR Y Ae A9 1.23+0.97
ppbET} =2 <of| SHFRITH(Park et al., 2018). Ace-
tone”} acetaldehydet= 52] SAZF= ] PRTRZ FH
i el 7 aEF2 55 AH=7t GITH(NICS,
2026). &, PRTR Zt=o| 34 554 ti7|viEEd2
PO, o= B 7| ofsto| A B e d Y HiE
7Fs7de] it Z12Jut acetaldehyde+= 2V 4H] Z+A
E, da ¥4 34 2 A3t FolA 24 di7l= b
Z5E 294 A4 AAEYS 15 (Liu et al,
2022; Atkinson, 2000), ‘g A1AFF Ao IF35E 7] YGe
oheRt Alxs g FHO| o] F e oA HiE= 3L
T4 4 quck

HHeFE 818HE9 toluenes 27 2.47 +4.50 ppb, &
$ 32242.56 ppb= UENE O H, 4t AGaFebhz]
Z35} WA B=H 1.60+0.4 ppbHtt & £
O|th(Kim et al., 2022a). -2} tht 2 AFG2] o]
A F2ET GC-MSE °l-§sto] 274 AT fal
71 9= 71 toluene Fat & AT EH,

=339 0.93 ppb (n=280), =&} 1.91 ppb (n=224),
T4t 0.89 ppb (n =252), 24 241 1,15 ppb (n=252),
A3} "M 5.69 ppb (n=168)°]" (Chae et al., 2024),
A AAATZ] | A ZA 5 AT} 239 toluene ‘F &
T2 Aleh RIS A k= WA, of 4= g4k,
23, giAl A4 24 T =2 o] RSt A
= & ek ok 7)o B wE FE a2 Al
371 2o 7} Qlgofl o H a7} Itk MEK+=
7% vOCs 7heH] 7P W2 olqlen, oA
1.2940.87 ppb, 2% 1.77+0.65 ppb2 2.5°f Z7}st
ot Toluene¥t MEKE T AAAAFATR] (EA)
ol Al 7 |HjEEe] W A9l &dolH, 20214 tolu-
ene 567,779 kg/year (19])2} MEK 120,234 kg/year (3
Q) 71 ETF Ble-2 oF 4.720|th(E S1). ALY
2] Aol 4 =3t Toluene (ppb)/MEK (ppb) Hl&=

o
pauy
lo
l
4
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Zlgte 2 7| 4AS planetary boundary layer,
PBL)Z} Z}-R-TH7] (free troposphere, FT)E T-2o}%IT}.
PBLY} FT Ato]ofl Al 29 (potential temperature) 2} <5
=9 B2 WP YERtE ol TR £9U%
(Entrainment Zone, EZ)2.2 %23 4= 3]t} (Kang et
al,, 2021; Li ef al., 2019b). B AP A= 29 227}
ARtE] o] 5ol 4% T4 71t EZ9] A&
2 oIl 712 Adoiskol tigt 2 225
19 49] ()9} (b)oll HERRlTh 7122 e d o9 1
= Wk el et gaaick 2405 079
515 (9F 300~800 m)°llA] & EEE 297t w3o
o, ol LAl ofjt ?qﬂi 714 a7t Rt E Ais
=7 Atk AE e 712 v e et
Q] Be A% —7}011 et st A
2 Aok, %o Akof wet oA F7lst
™ 1,800~1,900 m 7+ ©]&
FoE Al B e
Ho|7to 7 ZAs9on
2,000~2,100 m& ERRIH LY, o]
Mgt BAF 219 iAo R d & PBL 1% Bis»}
A5 Aol A 4 Bt 1,800 m HE UERH
ol =9} (Kim et al., 2024).

i m]m o, o

3.2.2 PM, slstE 21 VOCs

1% 49] (c)~(h)= PM, T} SR (G714 R, A
AF d, d2E, d4a AE)9] 100 m 7HA 9 #
A = Eoi—él:} 2 Aof| = 800~1,000 m 7t

= AAR ot T EEE UL, 2%l
1,800~2,000 mv}ll 24 EAS UEdth 7, &
T 27 400~800 mOYA] 7.65~8.51 ug/m’ ¥ ¢l A
AASE 422 9261901, 800~900 m 7+ ALt
] F235] 2445k 1% 1,000 m o]l A= 1.49 pg/
mPEot Y2 £Z0]9)t} @ %ol 1,200~1,600 mojl
A H s F7F(12.71~13.84 ug/m?)o] FAHE L
o, A 1k 7oA o tiH] =2 5 oS

2|5kt

F71EL 9HT 0% pM, 2] BXoA T
371 8 719 JEeE molHET (1] $3). oA
ofli= 1% 800 m O HollA] YAt 4~ (3.41~3.74 pg/
& fA5 oM, @ o= 1,400~1,600 m XF]|
A HEe 77H(6.78~7.38 pg/m’)°] B = ATk F
71/3w2] F7F Fol 7P A= 2 PM, FF 57}
7F 7= SHLE o|FolFl a2 YEhdrh Eitge
QA shEolA dHHor B2 FE Hloth @
Foll= S5A T8 B2 S77F UEET 59
1,400~1,600 m N ZofA sk o] TESHSA
o:q o}_-;__ﬁq. Eu]- 17]. o}:ﬂ-_ Eo:h:]- 5_:1_ E—‘%
1= oA AT A EAsEGl o, e
Hﬂ%*éi ddA o R et EAS et St
< A= v e ol A o = eHyRt Edo]
‘:‘1 (Vasilakos et al., 2018), AAtH-2 2 Z3TAQl
NH,NO, JE|= EAfste] &, JEE, ooj2F
pH X Wit 2o whet J2Hg =ul7t jIZsHA
g2bd 4= QIThH(Wu et al.,, 2022; Nenes et al., 2020). T
ZhA 2 AtolA TS Aatd Tt R Ee] FEE F
7tz ol ALk ol A EAeT R (NH,NO5) 9 34, &
22F A T 7 J2t wefel] mhE AAE g vt
e AARI AAa =2 A PM, A 5 7HY
2 X B (<0.25ug/m’)E e ohE AR
7 2] 24 600~700 m F-7HlA FA3] F715H

=

ﬂllﬂ AT olr

=7 gstEx| 42 E M 25
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Fig. 4. Vertical profiles of mean temperature, humidity, PM; chemical components (organic, nitrate, sulfate, ammonium, chlo-
ride) and VOCs (toluene, MEK, acetone, acetaldehyde) in 100 m altitude bins measured during morning (RF1) and afternoon
(RF2) aircraft observations over the Seongseo Industrial Complex.
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Table S1. Summarizes the atmospheric emissions of toluene and methyl ethyl ketone in comparison with total chemical
emissions at the national (South Korea), regional (Daegu), and local (Dalseo-gu) levels based on the Pollutant Release and
Transfer Register (PRTR) database.

Year Emission compounds Nationwide Daegu Dalseo-gu
P (kg/year) (kg/year) (kg/year)
Total chemical 64,955,048 2,193,783 1,045,338
2021 Toluene 11,423,509 (17.6%) 877,423 (40.0%) 567,779 (54.3%)
MEK 7,081,293 (10.9%) 277,490 (12.6%) 120,234 (11.5%)
Total chemical 59,936,196 2,273,277 966,310
2020 Toluene 10,413,050 (17.4%) 996,699 (43.8%) 549,205 (56.8%)
MEK 5,562,992 (9.3%) 207,109 (9.1%) 97,423 (10.1%)
Total chemical 56,026,761 1,499,239 455,601
2019 Toluene 8,219,697 (14.7%) 458,665 (30.6%) 248,883 (54.6%)
MEK 4,437,621 (7.9%) 135,626 (9.0%) 24,931 (5.5%)
Total chemical 54,958,983 1,660,070 384,195
2018 Toluene 9,174,831 (16.7%) 420,657 (25.3%) 220,458 (57.4%)
MEK 4,344,128 (7.9%) 161,604 (9.7%) 26,664 (6.9%)
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Fig. S1. Spatial distribution of PM; chemical components (organic, nitrate, sulfate, and ammonium) along the morning (RF1)

(b) PM; organic (afternoon)
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and afternoon (RF2) flight tracks over the Seongseo Industrial Complex, Daegu.
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Fig. S2. Spatial distributions of toluene, methyl ethyl ketone (MEK), acetone, and acetaldehyde along the morning (RF1) and
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afternoon (RF2) flight tracks over the Seongseo Industrial Complex, Daegu.
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Fig. S3. Vertical profiles of PM; chemical components over the Seongseo Industrial Complex during the morning (RF1) and

afternoon (RF2) flights.
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