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S1 Target VOC signals and detection limits

Table S1 summarizes the target VOC signals used in the 1900D PTR-ToF-MS analysis and the detection limits
for the 10 s averaged data. Cs aromatics are reported as the unresolved sum of xylenes and ethylbenzene, and m/z
73.065 is reported as a methyl ethyl ketone (MEK)-equivalent signal because possible isobaric oxygenated VOC
contributions cannot be fully excluded. Trimethylbenzenes were not directly calibrated; their sensitivity was
estimated from the mass-transmission relationship.

Detection limits (DLs) for the 10 s averaged data were determined from the variability of zero-air measurements
after applying the same 10 s rolling mean used for the ambient data. DLs were defined as 3.3 times the standard

deviation of the blank signal (3.36plank).

Table S1: Analytical information for target VOC signals quantified by the PTR-ToF-MS aboard the 1900D during the
ASIA-AQ campaign. Detection limits refer to the 10 s averaged data.

Molecular  Protonated Boiling Proton affinity 10 s DL
Substance / signal Abbrev.

formula mass (m/z) point (°C)  (kJ mol™) (ppbv)
Acetonitrile AN C:H:N 42.034 81.3-82.1 779.2 0.05
Acetone ACT CsHsO 59.049 56.1 812 0.06
MEK-equivalent signal MEK CsHsO 73.065 79.6 827.3 0.10
Benzene BZ CsHs 79.054 80.1 750.4 0.03
Toluene TOL C7Hs 93.070 111 784.3 0.06
Cs aromatics (xylenes +

Cs CsHio 107.086 138.52 796* 0.02

ethylbenzene)
Trimethylbenzenes TMB CoHiz 121.101 169-171 798.3° —

* Representative value for xylene; the Cs aromatic PTR-ToF-MS signal includes xylenes and ethylbenzene. The dash
indicates that a species-specific 10 s DL is not reported for the non-directly calibrated trimethylbenzene signal.

b Representative values for 1,2,4-trimethylbenzene; the PTR-ToF-MS signal represents unresolved trimethylbenzene
isomers.
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S2  Flight-specific VOC variability and toluene-to-benzene ratios

Figure S1 summarizes the variability in the seven target VOC species or groups among the 17 research flights.

Table S2 provides the corresponding flight-specific toluene-to-benzene (T/B) ratios and their within-flight

variability.
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Figure S1: Variations in the seven target VOC species or groups measured aboard the Beechcraft 1900D during the
ASIA-AQ campaign from 6 February to 10 March 2024, shown for each flight. Symbols represent the mean mixing
ratio for each flight, and error bars indicate +1 standard deviation.



Table S2: Flight-specific toluene-to-benzene (T/B) ratios measured aboard the Beechcraft 1900D during the ASIA-AQ
campaign. Flight-mean T/B ratios were calculated as the ratio of the flight-mean toluene and benzene mixing ratios.
The reported ranges represent the 10th—90th percentiles of T/B ratios calculated from the 10 s measurements within
each flight. Regions are denoted as the Seoul Metropolitan Area (SMA), Yellow Sea (YS), and Gyeonggi Province (GG).

Flight Date Region Flight-mean T/B T/B (10th—90th percentile)
F1 6 Feb 2024 SMA 1.19 0.64-1.96
F2 7 Feb 2024 SMA & YS 0.87 0.40-1.53
F3 8 Feb 2024 SMA 4.55 2.02-7.42
F4 14 Feb 2024 SMA 5.30 1.26-7.49
F5 17 Feb 2024 SMA & YS 1.88 0.50-2.89
F6 17 Feb 2024 SMA 4.65 1.29-5.76
F7 23 Feb 2024 SMA & YS 2.91 0.49-6.43
F8 26 Feb 2024 SMA & YS 1.48 0.35-3.91
F9 28 Feb 2024 SMA & YS 2.80 0.84-2.87
F10 2 Mar 2024 SMA & YS 1.09 0.59-1.39
F11 2 Mar 2024 GG & YS 0.61 0.42-0.87
F12 3 Mar 2024 SMA & YS 0.76 0.54-1.21
F13 3 Mar 2024 SMA & YS 0.73 0.48-1.32
F14 4 Mar 2024 SMA & YS 2.50 0.46-4.58
F15 7 Mar 2024 GG & YS 0.85 0.42-1.37
F16 8 Mar 2024 SMA & YS 1.04 0.48-1.74
F17 10 Mar 2024 YS 0.63 0.39-0.92

S3 Additional information on NASA DC-8 observations
S3.1 DC-8 VOC measurements

The 1900D and NASA DC-8 had distinct observational roles during the South Korea component of ASTIA-AQ.
The DC-8, with higher flight speed, broader altitude coverage, and greater endurance, was suited for regional-
scale surveys over the Yellow Sea and inland Korea. In contrast, the 1900D, with lower airspeed and repeated
low-altitude sampling, resolved concentration gradients within the planetary boundary layer (PBL) over Seoul,
Bucheon, and the Ansan—Sihwa industrial area. The DC-8 flight tracks and the altitude sampling distributions of
both aircraft are shown in Fig. S2, with peak sampling fractions near 500 m for the 1900D and 1200 m for the
DC-8.

The DC-8 deployed VOC measurement systems with different sampling characteristics. The University of Oslo
provided 1 Hz VOC measurements using a FUSION Proton-Transfer-Reaction Time-of-Flight Mass Spectrometer
(FUSION PTR-ToF-MS; Ionicon Analytik, Innsbruck, Austria; Reinecke et al., 2023). The Trace Organic Gas

Analyzer coupled with a time-of-flight mass spectrometer (TOGA-TOF) collected discrete VOC samples for 35 s
3
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approximately every 2 min using in situ fast online gas chromatography-mass spectrometry (GC-MS). University
of California, Irvine (UCI) whole air samples (WAS) were collected in canisters on demand, with individual
canister fill times ranging from 12 to 100 s (average 35 s); samples were collected every 2.6 min on average. The
canister samples were subsequently analyzed in the laboratory using gas chromatography coupled with flame
ionization detectors (FIDs), electron capture detectors (ECDs), and mass spectrometric detectors. Thus, PTR-ToF-
MS provided high-time-resolution measurements, whereas TOGA-TOF and WAS provided discrete VOC
measurements with different sampling intervals and spatial coverage (Table S3). Detailed descriptions of these
measurements have been reported previously (Apel et al., 2015; Colman et al., 2001; Jeong et al., 2026; Reinecke
et al., 2023; Simpson et al., 2020). The University of Oslo PTR-ToF-MS benzene data were revised after an
interference affecting measurements over urban areas was identified. Accordingly, PTR-ToF-MS benzene data
were not used for comparisons involving inland and urban regions; TOGA-TOF and WAS benzene measurements
were used where applicable. For the chemical phase-space analysis in Fig. 8, TOGA-TOF benzene and toluene
mixing ratios, originally reported in pptv, were converted to ppbv for consistency with the VOC units used
throughout this study.

The two aircraft also differed substantially in their altitude sampling (Fig. S2(b)). The DC-8 sampled the Yellow
Sea and inland regions over a broad altitude range and frequently represented more regionally mixed air masses.
The 1900D observations were concentrated at lower altitudes, particularly within the planetary boundary layer,
and repeatedly sampled source-influenced regions in and around the Seoul Metropolitan Area. Vertical profiles

from the same-date observations are shown in Fig. S3.
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Figure S2: Flight tracks and altitude sampling of the NASA DC-8 during the South Korea component of the ASIA-AQ
campaign. (a) DC-8 flight tracks, colored by aircraft altitude. White markers denote Seoul, the Ansan—Sihwa industrial
complex, and the Daesan petrochemical complex. (b) Altitude sampling distributions of the 1900D PTR-ToF-MS (blue)
and DC-8 TOGA-TOF (red) over the inland region (longitude > 126° E) during same-date observations; bars show the
fraction of measurements within 200 m altitude bins and solid curves show Gaussian fits.

Table S3: Platform and VOC instrument sampling characteristics for the NASA DC-8 and Hanseo University 1900D
during the ASIA-AQ campaign. Spatial resolution was estimated using the mean true air speed (TAS) and the actual

4



sample duration. PTR-ToF-MS spatial resolution was calculated using a 1 s measurement interval, TOGA-TOF using
its 35 s sample duration, and WAS using its 12-100 s canister fill duration. Dashes indicate instruments not deployed

on the platform.

Parameter

NASA DC-8

1900D 75

Platform characteristics

Mean TAS

Primary flight altitude

116.5 ms™ (226 kts)

0.5-2 km (88 %)

833 m s (162 kts)

0.3-1 km (76 %)

VOC instruments and temporal

resolution

PTR-ToF-MS ~ls ~ls

TOGA-TOF (online GC-MS) ~2 min sampling interval (35 s sample collection) —
~2.6 min average sampling interval (12—100 s fill

WAS (canister) _
time; mean 35 s)

Spatial resolution

PTR-ToF-MS (1 s) ~117m ~83 m

TOGA-TOF (35 s) ~4.1 km —

WAS (12-100 s)

~1.4-11.7 km (mean ~4.1 km)
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Figure S3: Vertical profiles of selected VOC mixing ratios measured by the 1900D and NASA DC-8 during same-date
observations over Korea. DC-8 observations were obtained from TOGA-TOF, PTR-ToF-MS, and WAS, depending on
species, while 1900D data were measured by PTR-ToF-MS. Profiles are shown for acetonitrile, acetone, MEK/MEK-

equivalent signal, toluene, benzene, and Cs aromatics. Symbols indicate median mixing ratios within each altitude bin,
and error bars represent the 10th—90th percentile range.
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S3.2 DC-8 trace-gas measurements

CO, COy, 03, NO, and NO; measurements from the NASA DC-8 were used to construct the CO/CO,—03/NOx
chemical phase space shown in Fig. 8. CO was measured using the Differential Absorption Carbon Monoxide
Measurement (DACOM) instrument, and CO, was measured by non-dispersive infrared spectroscopy using a
modified LI-COR 7000 analyzer (Miech et al., 2025). Os was measured using the FastO; chemiluminescence
instrument, and NO and NO; with the NSF NCAR two-channel NO/NO; chemiluminescence instrument. These
measurements were provided at 1 Hz resolution. The CO/CO; ratio was calculated directly from the observed CO
(ppbv) and CO; (ppmv) mixing ratios to examine regional differences in air mass characteristics associated with
atmospheric processing and transport, as reflected in the CO/CO,—03/NOy chemical phase space distributions.
NOx was calculated as the sum of NO and NO», with both concentrations converted from pptv to ppbv before

calculation of the Os/NOx ratio.
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S4 HYSPLIT backward-trajectory analysis

To provide transport context for representative Yellow Sea observations, 72 h backward trajectories were
calculated with the Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model (Rolphetal., 2017;
Stein et al., 2015), using Global Data Assimilation System (GDAS) meteorological data. For the paired analysis,
trajectories were initialized at an elevated arrival level of approximately 1950 m above ground level (AGL) and a
near-surface arrival level of approximately 300 m AGL at the same sampling location. A separate low-altitude

trajectory was examined for the 2 March 2024 Yellow Sea maximum case.
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Figure S4: Paired 72 h HYSPLIT backward trajectories for two representative Yellow Sea cases. Red trajectories
correspond to the aloft arrival level (~1950 m AGL), and blue trajectories correspond to the near-surface arrival level
(~300 m AGL). The upper panels show horizontal transport pathways, and the lower panels show trajectory height
above ground level as a function of trajectory age. Black stars mark the arrival locations.
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S5 OH reaction rate constants and representative lifetimes

The reactivity analysis in Fig. 5 uses representative OH-reaction lifetimes calculated from literature OH reaction
rate constants (Atkinson and Arey, 2003; Le Calvé et al., 1998; Hynes and Wine, 1991), assuming a daytime OH
concentration of 2.0 x 10° molecules cm™ for 12 h d'. For unresolved PTR-ToF-MS signals, representative OH
reaction rate constants or lifetimes were used as described in Table S4. The inverse lifetime (1/1) was used as a

relative indicator of atmospheric reactivity in the analysis.

Table S4: OH reaction rate constants and representative atmospheric lifetimes used in the reactivity analysis shown in
Fig. 5.

kon at 298 K Calculated Lifetime used
Species / signal Basis / note
(cm® molecule™ s™)  Tou (d) in Fig. 5 (d)
Toluene 5.63 x 10712 2.06 2.1 Individual compound
Representative value for  unresolved
ethylbenzene + xylene signal; unweighted mean
Cs aromatics 1.45x 1071 0.80 0.8
of ethylbenzene and o-, m-, and p-xylene kon
values
. Representative lifetime for unresolved TMB
Trimethylbenzenes  — 0.30 0.3 .
signal
1,2,3-
3.27 x 1071 0.35 — Individual TMB isomer
Trimethylbenzene
1,2,4-
3.25x 1071 0.36 — Individual TMB isomer
Trimethylbenzene
1,3,5-
5.67 x 10711 0.20 — Individual TMB isomer
Trimethylbenzene
MEK-equivalent . ) .
1.22 x 10712 9.49 9.5 Representative of the MEK-equivalent signal
signal
Acetone 1.84 x 10713 62.9 60 Rounded representative lifetime
Acetonitrile 2.63 x 10714 440 400 Rounded representative lifetime used in Fig. 5

Note: OH-reaction lifetimes (in days) were calculated as ou = [kou[OH] (12 x 3600 s)] ', using a fixed 12 h daytime-
average OH concentration of 2.0 x 10° molecules cm ™. Representative lifetimes were used for unresolved PTR-ToF-
MS signals. For trimethylbenzenes, the representative lifetime of 0.3 d corresponds approximately to the mean of the
individual OH-reaction lifetimes of 1,2,3-, 1,2,4-, and 1,3,5-trimethylbenzene (0.35, 0.36, and 0.20 d, respectively).

10
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S6 Distance dependence used for the Yellow Sea transport scaling

The distance-based scaling applied to the 124° E eastward transport equivalent was derived from the observed
offshore-to-coastal gradients of benzene and toluene. The distributions used for this empirical scaling are shown

in Fig. S6.
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Figure S6: Distance dependence of benzene and toluene mixing ratios from the Korean coast. Boxplots show benzene
and toluene mixing ratios as a function of geodesic distance from the nearest Korean coastline for observations (a)
within the operational PBL (<1100 m) and (b) above the PBL (1100-3000 m). Boxes indicate the interquartile range,
horizontal lines denote the median, and green triangles indicate the mean. These distributions were used to derive the
empirical distance-based scaling factor applied to the 124° E eastward transport equivalent.
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