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Abstract. Lake-induced meteorological conditions can influence the formation and spatial distribution of secondary organic
aerosol (SOA) by modulating precursor mixing, chemical processing, and aerosol transport. Yet how these processes act
together to drive rapid SOA accumulation remains insufficiently understood. Here we conducted comprehensive measurements
of aerosol composition at Taihu Lake in the Yangtze River Delta during the summer of 2023. Throughout the campaign,
organic aerosol (OA) dominated submicron particulate matter (PM) mass, accounting for 56% of the total PM (compared to
41% at a nearby suburban station), with secondary components comprising 84% of the total OA at Taihu Lake. During a
prominent pollution episode (August 10—12), OA reached 73.7 ug m (78% of PM), and the SOA fraction rose to 90%. This
rapid SOA accumulation was driven by a unique physicochemical synergy at the lake-land interface. The convergence of
anthropogenic and biogenic emissions supplied a highly reactive precursor pool, while enhanced atmospheric oxidation
capacity promoted rapid oxidation and aerosol aging, leading to efficient SOA formation. As revealed by modeling analyses,

the lake—land thermal contrast further drove a pronounced lake—land breeze circulation, inducing localized subsidence over
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the lake that efficiently transported SOA formed aloft down to the surface, thereby favoring its rapid accumulation. These
findings suggest that lake environments can provide favorable chemical and meteorological conditions for efficient SOA

production, highlighting the need to consider large inland lakes in assessments of regional aerosol chemistry and air quality.

1 Introduction

Organic aerosol (OA) constitutes a substantial fraction of atmospheric fine particulate matter (PM,s), exerting profound
impacts on air quality, regional climate forcing, and human health (Huang et al., 2014; Jacobson et al., 2000; Jimenez et al.,
2009). Secondary organic aerosol (SOA), formed through the atmospheric oxidation of volatile organic compounds (VOCs),
represents a major component of OA (Carlton et al., 2009; Hallquist et al., 2009; Ying et al., 2015). Although stringent emission
reduction measures in China have led to a decline in total PM; s mass, the relative contribution of SOA has exhibited a persistent
upward trend. SOA has consequently emerged as the primary driver of haze episodes (Chen et al., 2024; Huang et al., 2014).
SOA formation is a complex process governed by the synergistic interplay between precursor emissions, atmospheric oxidation
capacity (AOC), and meteorological conditions (Gu et al., 2023; Hu et al., 2017; Huang et al., 2025; Lee et al., 2016; RenHe
et al., 2014; Sun et al., 2025). Elucidating SOA formation pathways across diverse regional environments is therefore critical

for effective pollution mitigation strategies.

The Yangtze River Delta (YRD), one of China's most industrialized and densely populated regions, faces persistent challenges
from the compound pollution of ozone (O3) and fine particulate matter (PM,5) (Lu et al., 2018; Ming et al., 2017; Xie et al.,
2021; Zhang et al., 2022; Zhou et al., 2025). Taihu Lake, a major freshwater body located in the heart of the YRD, represents
a typical lake-urban environment. In this distinct environment, anthropogenic plumes from surrounding megacities intersect
with biogenic emissions from both aquatic and terrestrial vegetation, creating a complex precursor pool for SOA formation
(Yuetal., 2019). Previous studies have reported elevated O3 concentrations in the Taihu Lake region (Shao et al., 2025; Zhang
et al., 2017), where elevated Os levels not only pose direct health risks but also contribute to higher AOC (Liu et al., 2022),
thereby promoting the oxidation of VOCs into SOA (Feng et al., 2019). Furthermore, the lake environment introduces specific
meteorological and chemical conditions that may influence aerosol formation and evolution (Cleary et al., 2022). The thermal
properties of the lake surface can affect boundary layer development and pollutant accumulation, while mesoscale circulations,
such as lake-land breezes, may further facilitate the recirculation of air masses and pollutants within the lake boundary layer
(Brook et al., 2013; Hayden et al., 2011; Levy et al., 2010). High humidity over the water surface potentially promotes
heterogeneous or aqueous-phase reaction pathways (Ervens et al., 2011; Huang et al., 2020; Kuang et al., 2020). However,
quantitative evidence on how elevated AOC and lake-induced boundary layer dynamics affect SOA formation in the Taihu

Lake region remains limited.
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In this study, we conducted a comprehensive field campaign during the summer of 2023 at Taihu Lake to systematically
characterize the chemical evolution of SOA and associated precursor chemistry. By integrating field observations with the
regional meteorological and chemical transport model simulations, we investigated a typical SOA formation episode to
elucidate the interplay between the photochemical oxidation of mixed anthropogenic-biogenic precursors and lake-induced
meteorological processes. Our findings advance the mechanistic understanding of SOA formation in lake-influenced

environments, with important implications for air quality management at complex lake—land interface regions.

2 Materials and methods
2.1 Sampling site and field measurements

Field observations were conducted from July 13 to August 31, 2023, at the Taihu Laboratory for Lake Ecosystem Research,
Chinese Academy of Sciences. The station is located on the eastern shore of Meiliang Bay, Taihu Lake (120.22°E, 31.42°N,
Fig. S1), in the southwestern suburbs of Wuxi, Jiangsu Province (hereafter referred to as the Taihu station). Situated in a
sparsely populated area around the lake, with no major industrial sources nearby, this station provides an ideal platform to
investigate the complex interaction between lake-induced meteorological conditions and the chemical evolution of urban-

derived pollutant plumes.

A comprehensive suite of instruments was deployed to characterize aerosol properties and atmospheric composition. A Soot
Particle Aerosol Mass Spectrometer (SP-AMS, Aerodyne Research Inc., USA) was operated at a temporal resolution of 1
minute in mass-sensitive V mode, alternating between laser-on and laser-off modes at 5-minute intervals, to simultaneously
measure black carbon (BC) and non-refractory species including organics, sulfate, nitrate, ammonium, and chloride. To
characterize gaseous oxygenated organic molecules (OOMs) associated with SOA formation, a nitrate-chemical ionization-
atmospheric pressure interface-long-time-of-flight (nitrate-CI-APi-LToF) was used. O3 concentrations were monitored using
an ultraviolet photometric analyzer (Thermo Environmental Instruments, TEI Inc., model 491). The particle number size
distributions were measured over a broad size range. An Airmodus A10 particle size magnifier (PSM) was employed to
measure sub-3 nm particles, while two scanning mobility particle sizers (nano-SMPS and long-SMPS, TSI Inc., USA)

measured the size distributions in the 3—736 nm range.

For comparison, synchronous datasets from the Station for Observing Regional Processes of the Earth System (SORPES) were
utilized to provide a reference for a typical suburban background environment. SORPES station is located at Nanjing
University Xianlin Campus (118.95°E, 32.12°N), approximately 150 km northwest of the Taihu station. Detailed descriptions
of the SORPES station have been provided in previous studies (Ding et al., 2016, 2019). At SORPES station, non-refractory
PM: 5 species and BC were measured using a time-of-flight aerosol chemical speciation monitor (TOF-ACSM) and a multi-

wavelength aethalometer (model AE33, Magee Scientific Corporation, California, USA), respectively. Similar to the Taihu
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station, ambient OOMs at SORPES station were characterized using a chemical ionization atmospheric pressure interface time-
of-flight mass spectrometer with nitrate reagent ions (nitrate-CI-APi-ToF; Aerodyne Research Inc. and Tofwerk AG) (Liu et

al., 2021, 2023).

2.2 Data analysis and model simulations

The SP-AMS data were processed using standard time-of-flight AMS data analysis software packages (SQUIRREL v1.60P
and PIKA v1.20P) to quantify the mass concentrations of submicron particulate matter (PM;) chemical components. The
relative ionization efficiencies (RIE) for ammonium and sulfate were determined to be 4.32 and 1.32 using pure NH4sNOs and
(NH4)2SO4 particles, respectively. Default RIEs of 1.4 for organics, 1.1 for nitrate, and 1.3 for chloride were applied. The mass
ionization efficiency for refractory black carbon, mIEsc, was calibrated by sampling monodisperse 300 nm Regal Black
particles (Onasch et al., 2012). A collection efficiency (CE) of 0.5 was applied in this study. For source apportionment, positive
matrix factorization (PMF) was performed on the high-resolution organic mass spectra obtained in laser-off mode, using the
PMF Evaluation Tool (PET, v3.04A) (Paatero and Tapper, 1994; Ulbrich et al., 2009). Four distinct OA factors were identified
(see Sect. S2 in the Supplement), including hydrocarbon-like OA (HOA), less-oxidized oxygenated OA (LO-OOA), and two
more-oxidized oxygenated OA factors (MO-OOA1 and MO-OOA?2).

To quantify the gas-to-particle partitioning potential of OOMs detected by the nitrate-CI-APi-LToF, we used two volatility
basis set (VBS) parameterizations to estimate the volatility of monoterpene-derived OOMs and other OOM types following
established methods (Donahue et al., 2011; Mohr et al., 2019; Nie et al., 2022; Trostl et al., 2016). Following the approach
described by Nie et al. (2022), detected OOMs were classified according to their likely VOC precursor classes based on their

molecular composition, including aliphatics, aromatics, isoprene, and monoterpenes.

To evaluate the impact of regional transport on aerosols at Taihu Lake, the Community Multiscale Air Quality (CMAQ v5.5)
model, driven by the Weather Research and Forecasting (WRF v4.5) model, was employed to simulate the spatiotemporal
distribution of pollutants over the Yangtze River Delta. Both models were configured with three nested domains (27 km, 9 km,
and 3 km; Fig. S5), with meteorological initial and boundary conditions derived from ERAS5 reanalysis data, and four-
dimensional data assimilation (FDDA) was applied to constrain the WRF simulations. For the chemical transport simulation,
anthropogenic emissions were obtained from the ABaCAS-EI v2.0 inventory (domestic) and the Emissions Database for
Global Atmospheric Research (EDGAR) (international), while biogenic emissions were calculated using the Model of
Emissions of Gases and Aerosols from Nature (MEGAN v2.10). Furthermore, the meteorological fields simulated by WRF
were analyzed to characterize the lake-induced meteorological conditions during the study period. Backward trajectory
analysis was performed using the Hybrid Single-Particle Lagrangian Integrated Trajectory model (HYSPLIT, NOAA-ARL)
driven by meteorological input data from the Global Data Assimilation System (GDASI1, 1° resolution) (Stein et al., 2015).

To trace the transport pathways of air masses arriving at Taihu Lake, 24-hour backward trajectories were calculated every 3
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hours with a starting height of 100 m above ground level. Detailed model configurations are provided in Sect. S3 in the

Supplement.

3 Results and discussion
3.1 Mass concentrations and chemical composition

The temporal variations of PM; chemical components throughout the campaign are shown in Fig. 1. Total PM; mass
concentrations ranged from 1.9 to 94.9 pg m™ during the campaign. OA was the predominant constituent, with concentrations
varying from 0.4 to 73.7 ug m=, and generally accounted for the largest fraction of PM, particularly during pollution episodes.
Notably, during the pollution episode from August 10 to 12, OA exhibited a synchronous but more pronounced increase
compared to inorganic species, thereby emerging as the principal contributor to PM; accumulation. In contrast, during clean
periods (e.g., July 26-31), the average PM; concentration decreased to 5.8+3.9 ug m=. Under these conditions, the relative
contribution of OA decreased, whereas secondary inorganic aerosols (SIA), particularly sulfate, substantially increased. The
diurnal variations of aerosol species are presented in Fig. S9. OA displayed a pronounced diurnal pattern, peaking at

approximately 11:00 local time (LT), with a more prominent daytime enhancement during pollution episodes.

Measurements at Taihu station were compared with those at the SORPES station. During the campaign, Taihu station recorded
an average PM, concentration of 16.8+12.1 pg m, which was comparable to the PM, s concentration at SORPES station
(19.4£10.1 pg m3) (Fig. 1¢). However, the two sites exhibited different aerosol chemical compositions. OA accounted for an
average of 56% of the total mass at Taihu station, considerably higher than the 41% observed at SORPES station (Fig. 1d).
This contrast indicates that organic components contribute substantially more to aerosol mass in the lake environment than in

suburban areas, highlighting the potentially intensified formation of SOA at this distinct urban-lake interface.
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Figure 1. Time series of (a) mass concentrations and (b) mass fractions of PM: chemical species at Taihu station during the campaign.
Average (c) mass concentrations and (d) mass fractions of chemical components in PM at Taihu station and PM2.5 at SORPES station.

The spatial heterogeneity of atmospheric oxidation capacity and PM, s across the YRD was further explored by comparing
observations at Taihu station with those from six representative national monitoring stations (Wuxi, Suzhou, Hangzhou,
Taizhou, Shanghai, and Xuancheng; Fig. 2d). Odd oxygen (Ox = O3 + NO>) is a commonly used proxy for photochemical
activity and atmospheric oxidative environment, as it accounts for the titration of O3 by NO (Herndon et al., 2008). Among all
seven stations, Taihu station recorded the highest daily O« concentration on 89% of the valid observation days, with Ox
exceeding 40 pg m> on 27% of days (Fig. 2a). Consistent with this, the daily difference in Ox concentration (AOx) between
Taihu station and the median of the six surrounding stations remained positive throughout the campaign (Fig. 2b). This
consistently higher Ox concentration suggests enhanced photochemical activity at Taihu Lake, providing favorable conditions
for the formation of SOA. Correspondingly, APM> s (Fig. 2¢), defined as the difference between PM, s concentrations at Taihu
station and the median of the six surrounding stations, was positive on 70% of the valid observation days, indicating generally

higher particle loadings over the lake, with particularly pronounced elevations during August 10—12.
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Figure 2. (a) Frequency statistics characterizing the relative photochemical intensity of Ox at Taihu station compared with the six surrounding
stations, including the fraction of valid days on which Taihu station recorded the highest daily Ox concentration among all seven stations,
and the fraction of valid days on which Ox at Taihu station exceeded 40 pg m> (b) Daily difference in odd oxygen (Ox = O3 + NO2)
concentration (AOx) between Taihu station and the median Ox concentration of six representative national monitoring stations. (c) Daily
difference in PMa2s concentration (APM2s) between Taihu station and the median PMa2.s concentration of the same six stations (PMa.s
concentrations at Taihu station were converted from PM| measurements, see Sect. S5 in the Supplement for details). Daily values in (a)—(c)
are calculated for days with at least 18 common valid hours, defined as hours with valid Ox measurements at Taihu station and at least four
of the six surrounding stations. In (b) and (c), the shaded regions denote the pollution episode of August 10—12. (d) Geographic locations of
Taihu station and six surrounding national monitoring stations across the Yangtze River Delta.

3.2 Investigating OA sources with PMF

The mass spectra of individual PMF factors are shown in Figs. 3a—d, with their temporal variations presented in Fig. S11.
HOA, representing primary emissions (H/C = 1.94, O/C = 0.20), showed strong correlations with combustion tracers (rgc =
0.5, ryo, = 0.54; Table S3). On average, HOA accounted for 16.4% of the total OA mass throughout the campaign, with the
highest contribution (~28%) occurring in the morning, consistent with traffic emissions, while it reached a minimum (~7%) in
the afternoon following boundary layer development (Figs. S12 and S13). The three oxygenated OA (OOA) factors, which
accounted for an average of 83.6% of total OA, represented different stages of atmospheric aging. Among them, MO-OOA2

exhibited the highest oxidation state (O/C = 0.75) and a strong correlation with sulfate (rsoﬁ’: 0.94), characterizing it as a
highly aged SOA, likely associated with long-range transport. LO-OOA (O/C = 0.36) and MO-OOA1 (O/C = 0.65) were

identified as fresh-to-intermediate photochemical SOA, as evidenced by their strong correlations with O3 (rp, = 0.53 and 0.66,

respectively).

The diurnal profiles of the two photochemically driven SOA factors (LO-OOA and MO-OOAL1) exhibit distinct temporal
patterns (Figs. 3e and 3f). Both factors increased rapidly after sunrise, coinciding with increasing solar radiation and Oj levels.
LO-0OO0A peaked at approximately 11:00 LT and subsequently declined, while MO-OOA1 remained at a high level until late

afternoon (~16:00 LT). The high correlation between these two factors (r = 0.75), combined with the difference in their peak
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times, suggests a potentially successive aging pathway. Under the highly oxidative environment at Taihu Lake, LO-OOA may
undergo progressive conversion into MO-OOAI1. The afternoon decrease in LO-OOA likely reflects this continuous

photochemical aging, coupled with dilution as the planetary boundary layer develops.

The fractional distribution of OA components as a function of total OA loading is illustrated in Fig. 3g. Secondary components
consistently dominated the total OA mass, with their relative contribution further increasing at higher OA loadings.
Specifically, the mass fraction of LO-OOA exhibited dramatic growth, rising from ~15% to over 40% as OA loading exceeded
50 ug m?. This pronounced increase underscores that the explosive SOA events at Taihu Lake may be primarily driven by
rapid local accumulation of less-oxidized components, rather than merely the contribution of long-range transported air masses.
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Figure 3. High-resolution mass spectra of the four identified OA factors: (a) hydrocarbon-like OA (HOA), (b) less oxidized oxygenated OA
(LO-O0A), (c) more-oxidized oxygenated OA type 1 (MO-OOA1), and (d) more-oxidized oxygenated OA type 2 (MO-OOA2). (e-f)
Diurnal variations of LO-OOA and MO-OOA1 during the whole campaign (purple) and pollution episodes (brown); the solid lines show
median values, the shaded areas represent the interquartile range (25"-75" percentiles), and the markers represent mean values. (g) Mass
fractions of the four OA components as a function of total OA loading. The average PM1 concentrations within each bin are illustrated, with
error bars indicating the standard deviation of PM1 concentrations.

3.3 Case study of rapid SOA formation

A prominent OA accumulation episode occurred from August 10 to 12, during which PM; concentrations rose rapidly to a
peak of 94.9 pg m=, with a maximum hourly growth rate of 12.3 pg m h'!. During this episode, OA concentrations reached
a maximum of 73.7 pg m=, accounting for 78% of PM; mass (Fig. 4c). Compared with the campaign average OA fraction of
56%, the OA fraction reached 66% on the pollution peak day (August 12), establishing OA as the primary contributor to
aerosol loading (Fig. 4a). The SOA fraction (LO-OOA + MO-OOA1 + MO-O0A?2) within OA increased to 90%, primarily
driven by a rapid increase in the LO-OOA contribution (from 19% to 31%; Fig. 4b). Meanwhile, MO-OOA1 maintained a

relatively constant mass fraction of 46%. Although its relative proportion remained unchanged, the absolute mass
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concentration of MO-OOA1 increased rapidly on August 12 (Fig. 4d). The diurnal variations during this episode were more
pronounced than the campaign-average patterns (Figs. 3e and 3f). OA concentrations exhibited a rapid daytime surge, primarily
driven by the simultaneous increase in LO-OOA and MO-OOA, indicating that enhanced photochemical activity played an

important role in this pollution episode.
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Figure 4. (a) Average chemical composition of PM1 during the entire campaign (inner pie) and on the peak pollution day, August 12 (outer
pie). (b) Average OA component fractions during the entire campaign (inner pie) and on August 12 (outer pie). Time series of (c) mass
concentrations of PM species and (d) OA components during the pollution episode (August 10-12).

To understand the chemical drivers behind the daytime SOA increase, we analyzed OOMs, which serve as critical
intermediates in the transformation of VOCs to SOA (Ehn et al., 2014; Liu et al., 2023; Wang et al., 2022). During the August
10-12 episode, although the overall volatility distribution pattern remained consistent with the campaign average, the absolute
mass concentrations of OOMs were substantially higher (Fig. 5). Concentrations of extremely low-volatility organic
compounds (ELVOCs), low-volatility organic compounds (LVOCs), and semi-volatile organic compounds (SVOCs) increased
by 10%, 20%, and 37%, respectively, compared to campaign-average levels. This overall elevation in OOM concentrations,

particularly the larger relative enhancement in SVOCs, suggests more active photochemical processing during the pollution
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episode, with substantial quantities of newly formed oxidation products potentially contributing to SOA formation. Compared
with the suburban SORPES station, ultra-low volatility organic compound (ULVOC) concentrations at Taihu station were
significantly higher. Similarly, ELVOC and LVOC concentrations at Taihu station exceeded those at SORPES station by an
average of 66% and 63%, respectively, and remained 54% and 43% higher during the episode. Furthermore, SVOC
concentrations at Taihu station exceeded those at SORPES station by 12% on average and by 17% during the pollution episode.
Given the role of SVOCs as crucial intermediates in gas-to-particle partitioning, this enhancement indicates an elevated SOA
formation potential at Taihu Lake under polluted conditions (Fig. S14). To further characterize OOMs across different
volatility bins, we quantified the relative contributions of different precursor types within each bin. Although anthropogenic
precursors predominated at both sites, the relative contributions of different precursor types varied between the two sites.
Although anthropogenic precursors predominated at both sites, the relative contributions of different precursor types varied
between the two sites. At Taihu station, the monoterpene-derived OOM fraction within ELVOCs was nearly twice that at the
suburban SORPES station, suggesting a greater contribution from biogenic precursors. In addition, aromatic-derived OOMs
accounted for a substantially larger fraction of ULVOC:s at Taihu station, potentially reflecting the oxidation of anthropogenic
aromatic precursors during transport from surrounding urban areas to Taihu Lake. This is consistent with the northerly winds
prevailing during the early stage of the pollution episode (August 10; Fig. S15), which favored the transport of precursors from
upwind urban areas toward Taihu Lake. These results highlight the contributions of both biogenic and anthropogenic

precursors to SOA formation at the lake—urban interface.
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Figure 5. Volatility distribution of observed OOMs at 300 K during the entire campaign and the pollution episode, August 10—12. Pie plots
show fractional contributions of different VOC precursor types (isoprene-OOMs, monoterpene-OOMs, aliphatic-OOMs, and aromatic-
OOMs) to each volatility bin. The leftmost bin represents the sum of all components with logi10C*< —10.5.

The rapid accumulation of SOA was further facilitated by a distinctive meteorological regime over the lake. During the
pollution episode, Taihu Lake was characterized by persistent high temperatures, elevated relative humidity, and stagnant
surface wind (averaging ~2 m s!; Fig. S16). Owing to the high specific heat capacity of the lake water, the lake surface

remained significantly cooler than the adjacent land during daytime, generating a pronounced lake—land thermal contrast (Fig.

10
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6¢). This cooler lake surface substantially reduced the sensible heat flux transferred to the overlying atmosphere, contributing
to a markedly shallower planetary boundary layer over the lake compared with the surrounding land. As the lake-land thermal
contrast intensified during daytime, surface winds diverged outward from the lake center (Fig. 6a), consistent with the
markedly enhanced surface divergence observed over the lake around midday throughout the episode (Fig. 6b). The associated

subsidence over the lake can further enhance SOA accumulation near the surface.
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Figure 6. (a) Spatial distribution of WRF-simulated 2-m temperature (color shading) and 10-m wind field (vectors) at 14:00 LT on August
11. (b) Time series of WRF-simulated 10-m wind divergence over Taihu Lake as a function of local hour and date during August 8—14. The
shaded region denotes the pollution episode of August 10—12. (c) Vertical cross-section through Taihu Lake showing WRF-simulated
temperature (color shading) and wind field (vectors; vertical velocity magnified by a factor of 100 for visualization) at 14:00 LT on August
11. The dashed white line denotes the planetary boundary layer height (PBLH); the cross-section location is shown in Fig. S17.

This lake—land breeze-driven subsidence was further supported by model diagnostics. The simulated SOA vertical profiles and
vertical wind fields showed predominantly downward motion below 2 km during the pollution episode (Fig. 7a), suggesting
that downward transport may have contributed to near-surface SOA accumulation. Process analysis further indicated that
vertical advection (ZADV) constituted the dominant positive contribution to the surface SOA budget during the episode, with
a magnitude comparable to or exceeding the removal associated with horizontal advection (HADV) (Fig. 7b). This enhanced
near-surface SOA accumulation may also have promoted further particle growth, consistent with the increase in the particle
diameter from 119 to 171 nm between 06:00 and 12:00 LT on August 12 (Fig. S18). Overall, these findings highlight the role

of lake—land breeze-induced subsidence in the rapid accumulation of SOA near the surface.
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Figure 7. (a) Vertical time series of CMAQ-simulated SOA concentrations and WRF-simulated wind vectors (composed of the meridional
component v and the vertical component w, with w magnified by a factor of 100 for visualization) at Taihu station during August 10-12. (b)
CMAQ-simulated process analysis for SOA at Taihu station. The processes include vertical advection (ZADV), vertical diffusion (VDIF),
chemical processes (CHEM), aerosol processes (AERO), horizontal advection (HADV), and dry deposition (DDEP).

4 Conclusion

This study investigated the formation and evolution of SOA over Taihu Lake during a summer field campaign in 2023, with
particular focus on a pronounced SOA-driven pollution episode from August 10 to 12. OA was the dominant component of
submicron aerosol, accounting for 56% of PM; on average and reaching 73.7 ug m™>, or 78% of PM,, during the episode.
Source apportionment further showed that SOA contributed approximately 84% of total OA during the campaign and increased
to 90% during the pollution episode, highlighting the dominant contribution of SOA during the episode.

The rapid SOA enhancement was associated with the combined influence of precursor availability, photochemical processing,
and lake-induced meteorological conditions. The higher abundance of low-volatility and semi-volatile oxygenated organic
molecules at Taihu Lake compared with the suburban SORPES station suggests an enhanced potential for gas-to-particle
partitioning and SOA formation. The precursor analysis further indicates contributions from both anthropogenic emissions,
particularly aromatic compounds transported from surrounding urban areas, and biogenic emissions from the lake—land

interface. Elevated photochemical activity, indicated by higher Oy at Taihu Lake compared to surrounding land-surface sites,
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promoted daytime SOA formation and oxidation, as evidenced by the rapid increase of both LO-OOA and MO-OOA. In
addition to photochemical enhancement, lake-induced dynamics played a crucial role in facilitating this rapid surface
accumulation. As supported by model simulations, the lake—land breeze circulation drove a consistent localized subsidence

over the lake, which efficiently transported photochemically produced SOA from aloft toward the surface.

While the lack of direct biogenic VOC measurements from aquatic and shoreline vegetation precludes precise quantification
of local precursor source strengths, the convergent observational and modeling evidence presented here shows that large inland
lakes embedded within polluted urban—regional environments can provide favorable conditions for rapid SOA accumulation
through coupled chemical and meteorological processes. These findings highlight the important yet underappreciated role of
large inland water bodies in modulating regional aerosol formation and photochemical pollution, and emphasize the need to
better represent lake—atmosphere interactions, mixed precursor chemistry, and boundary-layer dynamics in regional air quality

predictions and pollution mitigation strategies.
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