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Abstract : Objective: This study aims to establish time- and scenario-specific behavioral
recommendations for wvulnerable populations, based on the pollution characteristics and
meteorological drivers of PMz.s and Os in Luzhou (2016-2021), with the objective of mitigating
health risks associated with air pollution. Methods: Hourly data on pollutants and meteorological
factors were acquired from Luzhou Environmental Monitoring Station of Sichuan Province. After
going through strict quality assurance and control procedures, an effective data collection rate of
96.6% was achieved, temporal distribution and influencing factors were analyzed. Results: A
significant decreasing trend in PM..s concentrations was observed, whereas Os levels remained
persistently elevated (194-213 pg/m?®) during the observation period. PM..s levels peaked during
winter nights (21:00-2:00), while Os concentrations were highest in the summer afternoons (14:00—
15:00). which was closely related to the meteorological conditions (temperature and humidity) in
this area. Conclusions: Although a reduction in PM..s levels, Os pollution continues to pose a
significant challenge. It is recommended that outdoor activities be avoided during winter nights and
outdoor exercise be minimized during summer afternoons. Vulnerable populations should limit
prolonged exposure when Os concentrations exceed 160 pg/m*. These targeted behavioral
interventions can effectively reduce acute exposure risks and contribute to public health
management.

Key word: Activity guidance; Behavioral modification; Os; PM2.s; Temporal variation

1. Introduction

With the implementation of the Action Plan for Air Pollution Prevention and Control and the
Three-Year Action Plan for Winning the Blue Sky Defense, significant improvements in China’s
air quality have been observed annually, with a marked reduction in the concentrations of PM, s and
Os in ambient air.  Despite these reductions, air pollution remained severe in each city, with PM; 5
and Os identified as the primary pollutants. (Li et al., 2025). However, PM»s and Os pollution
continued to pose significant challenges in various cities, particularly with frequent occurrences of
O:s pollution. Os pollution exhibited an upward trend in key cities and regions,. The nature of air
pollution has progressively shifted toward a composite form characterized by both PM» s and Os,
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drawing increasing attention to health effect and behavioral changes for the public (Shao et al.,
2025) .

Long-term exposure to environments where pollutant concentrations exceed safety thresholds
has been linked to significantly elevated prevalence rates of respiratory and cardiovascular diseases
among residents, as well as substantial impairments in physiological function and cognitive
performance (Xue et al., 2021; Yang et al., 2019; Meo et al., 2024). Moreover, such exposure has
been shown to negatively affect subjective well-being and mental health (Yuan et al., 2018). These
adverse effects are particularly pronounced in vulnerable groups, including the elderly (Zheng et al.,
2024), children (Cui et al., 2023), and other sensitive populations (Ma et al., 2023).

In terms of environmental pollution control and Response, in developed countries, the
mechanism for public participation was quite mature. However, many developing countries were
only gradually realizing the importance of emphasizing public participation and community
development strategies. (Ahmed N. Budur et al., 2008). Air pollution exerts a direct influence on
environmental health behaviors, including defensive actions (e.g., purchasing masks and air
purifiers, reducing outdoor exposure, and opting for private vehicles to minimize pollutant exposure)
(Zhang et al., 2018; An et al., 2018), health-related exercise behaviors (An et al., 2015), migration
patterns (Qin et al., 2017), tourism behaviors (Cheung et al., 2001), and eco-friendly product choices
(Zhao et al., 2019). However, research suggests that adaptive individual health behaviors during
severe pollution episodes are not universally adopted. For example, surveys indicated that 85-90%
of residents in Poland and Houston did not reduce driving on days with poor air quality (Semenza
et al., 2008), suggesting that individuals may not decrease car usage during smog alerts (Noonan et
al., 2014) and may even increase reliance on private vehicles, perceiving them as barriers against
pollution (Ban et al., 2017; Neidell et al., 2009). Domestic studies in China indicate that residents
adjust travel and residential location choices in response to PM..s pollution, with younger
populations prioritizing active “protection” strategies, while older groups tend to avoid exposure
risks through “avoidance” measures. Nevertheless, the consistent adoption of individual adaptive
health behaviors during high pollution periods remains infrequent (Na et al., 2016).

Although extensive research have indicated that The proposed IoT-CAPM-DL model, the
hybrid RNN-PBO model, a transfer learning-based lightweight recurrent network with skip
connection (TL2RN-SC) modellt can accurately predict air quality, enhance the understanding of
air pollution dynamics, provide real-time information to avoid damage to the environment and
public health. ((Mohandas P, et al., 2025; Periasamy S, et al., 2024, Prajul Mohandas, et al.,
2025) . Meanwhile extensive research has focused on the health impacts of air pollution (Yi et al.,
2024; Zhuang et al., 2024; Tan, et al., 2025), only a limited number of surveys have addressed the
effects of haze and smog on residents’ health, with few examining the current status of adaptive
behaviors employed to cope with air pollution (Karina et al., 2024; Susa et al., 2025). These
studies generally lack specific investigations into behavioral changes or actionable travel
recommendations for the public. Research explicitly exploring behavioral modifications and
providing practical guidance for reducing exposure during atmospheric pollution events remains
scarce.

This study aims to address this gap. By analyzing the daily, weekly, monthly, and seasonal
pollution characteristics of PMz.s and Os in Luzhou, China, from 2016 to 2021, evidence-based
recommendations for resident travel and behavioral change strategies will be developed. The

objective is to reduce direct exposure and mitigate high-concentration environmental exposure,
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thereby lowering disease incidence and minimizing health risks, particularly among vulnerable
groups such as the elderly, infants, children, and other sensitive populations. This study is intended
to contribute to reducing the disease burden in Luzhou and to provide actionable insights for similar
studies in other regions.

2. Data and methods
2.1 Study area

Luzhou City is situated in the southeast of Sichuan Province, China, at the transition zone
between the southern margin of the Sichuan Basin and the Yunnan-Guizhou Plateau. The average
annual wind speed in Luzhou is relatively low (1.0-2.5 m/s), with a high frequency of calm wind
conditions (6.1%), which tends to facilitate the accumulation rather than dispersion of air pollutants,
resulting in elevated pollution concentrations. The city’s topography, which is lower in the north
and higher in the south, creates a natural barrier that further traps pollutants. In addition, Luzhou,
with a built-up area of 101 km? and a population of 1.64 million, is a densely populated urban area.
The subtropical humid climate, characterized by high humidity and moderate temperatures, also
influences the dispersion of air pollutants. These factors collectively contribute to the persistent
accumulation of pollutants, rendering air pollution a significant and ongoing challenge. Luzhou was
identified as one of the cities in the region most severely affected by air pollution, with consistently
high concentrations of key air pollutants, particularly PM2.s and Os, when compared to other cities
in Sichuan Province. Therefore, it has been designated as a key city for air pollution prevention and
control. This highlights the importance of characterizing the primary air pollutants, particularly
PMa:.s and Os, in Luzhou to inform the development of targeted strategies aimed at improving air
quality and safeguarding public health.There are a total of 4 national air quality monitoring stations
in the urban area, namely the Jiushishan, Environmental Monitoring Station, Lan Tian Xiangiao,
Xiaoshi Dock, As shown in Figure 1.
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Figure 1: Distribution Map of Monitoring Stations in the Study Area

2.2 Data sources and monitoring methods
2.2.1 Data sources
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The PM2.s and Os concentration data were obtained from the Sichuan Luzhou Ecological
Environment Monitoring Center Station, encompassing hourly measurements from 00:00 on
January 1, 2016, to 24:00 on December 31, 2021. Data cleaning and handling of missing values and
outliers were carried out in accordance with the "Technical Specifications for the Operation and
Quality Control of Continuous Automatic Monitoring Systems for Gaseous Pollutants in Ambient
Air (SO2, NO,, O3, CO)" (HJ 818-2018) and the "Technical Specifications for the Operation and
Quality Control of Continuous Automatic Monitoring Systems for Particulate Matter (PMjo and
PM,5)" (HJ 817-2018).. After excluding records with missing values, a total of 210,432 data entries
were gathered, of which 203,277 were valid, yielding an effective data completeness rate of 96.6%.
For PMz.s, the hourly concentration of the four monitoring stations was averaged to obtain the hourly
average concentration..the daily average concentrations were calculated as the 24-hour mean values,
with monthly and annual averages derived from these daily means. For Os, the hourly concentration
of the four monitoring stations was averaged to obtain the hourly average concentration, the daily
maximum 8-hour moving average (MDAS) concentration was used as the daily value, with monthly
averages computed from these daily MDAS values and annual averages represented by the annual
4th highest daily maximum 8-hour average concentration. Additionally, meteorological parameters,
including air temperature (T) and relative humidity (RH), were collected from the Luzhou
Environmental Protection Online Monitoring Data Sharing Platform for the period from January 1,
2018, to December 31, 2021. All 1,462 daily records were valid, ensuring 100% data completeness.
2.2.2 Monitoring instruments and monitoring methods

Ambient PM2.s concentrations were measured using an XHPM2000E particulate monitor
(Xianhe Co., Ltd., Hebei, China), which operates based on the beta attenuation method. Ozone (Os)
concentrations were measured using an EC9810 ozone analyzer (EC Pty Ltd, Australia), which
employs the ultraviolet absorption method.

2.3 Analytical methods
2.3.1 Classification of pollution levels and compliance assessment

The assessment of air quality was performed in accordance with the secondary limit of the
Ambient Air Quality Standard (GB 3095-2012), the National Ambient Air Quality Standards
(NAAQS), and the World Health Organization (WHO) Air Quality Guidelines (AQG 2021) .The
classification of pollution levels was performed in accordance with National Ambient Air Quality
Standards (NAAQS) .Utilizing National Ambient Air Quality Standards (NAAQS) ’s annual PM..s
standard (35.0 pg/m®) annual Os guideline (137 pg/m?), the pollution conditions during the study
period were classified into four distinct levels. This classification system enabled a comprehensive
evaluation of air quality by considering both particulate matter and photochemical pollution
indicators.

2.3.2 Statistical and graphical tools

Data preprocessing, time-series analysis, and box-plot visualization were conducted using
Origin 9.0 (OriginLab Corporation, Northampton, MA, USA). Heatmap generation and
nonparametric statistical analyses, including the Mann-Kendall trend test, Mann-Whitney-
Wilcoxon rank-sum test, and Kruskal-Wallis one-way ANOVA by ranks, were performed using R
software (version 4.5.1; R Foundation for Statistical Computing, Vienna, Austria). A significance
level of o= 0.05 was applied to all statistical tests.

3. Results and discussion



163 3.1 Characteristics of PMzs and O3

164 The annual average concentrations of PMz.s and Os in Luzhou City from 2016 to 2021 are
165  summarized in Table 1. The concentrations of PM2.s demonstrated a pronounced declining trend
166  (Mann-Kendall, T =-0.93, P < 0.01) from 2016 to 2021, decreasing from 65 pg/m? in 2016 to 40
167  pg/m?in 2021. These concentrations were 1.1, 3.3, and 8.0 times above the secondary limit of the
168  Ambient Air Quality Standard (GB 3095-2012; 35 pg/m?®), the National Ambient Air Quality
169  Standards (NAAQS; 12 ug/m?), and the World Health Organization (WHO) Air Quality Guidelines
170  (AQG 2021; 5 pg/m?), respectively. A significant reduction in PMz.s concentrations was observed
171  from 2018 onward (P < 0.01), aligning with the implementation of the Action Plan for Air Pollution
172 Prevention and Control (2017) and the Three-Year Action Plan for Winning the Blue Sky Defense
173 Battle (2020), both of which had a substantial influence on the reduction of PMa..s levels.

174 In contrast, Os concentrations remained elevated, fluctuating between 194 and 213 pg/m?, with
175  no discernible trend (Mann-Kendall, T=0.07, P=0.69). These concentrations consistently exceeded
176  the limits of GB 3095-2012 (100 pg/m®), NAAQS (137 pg/m?), and WHO AQG 2021 (60 pg/m?),
177  with exceedance factors of 2.0-2.1, 1.4-1.6, and 3.2-3.6, respectively, thereby indicating severe O
178  pollution in the region.

179  Table 1. Characteristics of annual average PM; 5 and O3 from 2016 to 2021 in Luzhou, (ug/m?)

Days Days Days Days
(Percentage) (Percentage) of (Percentage) of (Percentage) of

Year PMzs O3
of PMys> 35 PMys>35and PMs < 35 PMs < 35

and O3>137 0; <137 and O3 > 137 and O3 < 137
2016 65 208 52 (14.2%) 243 (66.4%) 9 (2.46%) 62 (16.9%)
2017 53 194 28 (7.67%) 240 (65.7%) 20 (5.48%) 77 (21.1%)
2018 37 209 11 (3.01%) 124 (34.0%) 31 (8.49%) 199 (54.5%)
2019 41 211 24 (6.58%) 153 (41.9%) 18 (4.93%) 169 (46.3%)
2020 38 213 18 (4.92%) 135 (36.9%) 26 (7.10%) 187 (51.1%)
2021 40 204 11 (3.01%) 140 (38.4%) 24 (6.58%) 190 (52.1%)
180 Note: In 2019, data were collected for 364 days, with December 31 missing. Data for other years were complete.
181 PMa2 5 refers to annual average concentrations, while O3 represents the annual 4th highest daily maximum 8-hour
182 average concentration.
183 Table 1 presents the proportion of days with simultaneous exceedances of PM..s and O3 (PMz.5 >

184 35 pg/m* & Os > 137 pg/m?), which decreased from 14.2% in 2016 to 3.0% in 2021, reflecting a
185  cumulative reduction of 78.8%. This decline signifies a substantial improvement in the control of
186  both PM..s and Os pollution. The proportion of days with PM:.s exceedance and Os compliance
187  (PM2as > 35 pg/m® & O < 137 pg/m?) also declined from 66.4% in 2016 to 38.4% in 2021,
188  representing a decrease of 42.2%, further substantiating the significant reduction in PM..s levels.
189  The proportion of days with PM..s compliance and Os exceedance (PMa.s < 35 pg/m® & Os > 137
190  pg/m®) remained relatively stable, fluctuating between 5% and 8%, except for a value of 2.5% in
191  2016. Simultaneously, the proportion of days with compliance for both pollutants (PMz.s < 35 pg/m?
192 & Os <137 pg/m®) increased from 16.9% in 2016 to 52.1% in 2021, further demonstrating the
193  overall improvement in air quality management. However, notable discrepancies persist when
194  compared to the annual standard limits established by the WHO (5 pg/m? for PMa.s, 100 pg/m3 for
195  peak season Os) and the United States Environmental Protection Agency (USEPA, 9 ug/m? for PMa.s,
196 137 pg/m? for Os).
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3.2 Trends and seasonal effects on the characteristics of PMz.sand O3

The monthly average PM..s concentrations in the urban area of Luzhou from 2016 to 2021
exhibited a distinct U-shaped seasonal pattern, with the lowest levels observed in July and August,
and peak concentrations recorded in December, January, and February (Figure 2). Winter
consistently presented the highest PMa.s levels across all months, with median concentrations
remaining elevated and exhibiting greater variability. This suggests more frequent pollution
episodes, likely influenced by meteorological factors such as temperature inversions and stagnant
air, alongside increased emissions, particularly from heating activities. Spring and fall exhibited
moderate PMa.s levels, with reduced variability compared to winter. Summer was characterized by
the lowest PMa.s concentrations, indicative of cleaner air, likely resulting from enhanced
atmospheric mixing and dispersion.

The monthly average Os concentrations in Luzhou’s urban area from 2016 to 2021
demonstrated a stable distribution (Mann-Kendall, T = 0.03, P > 0.1), following a distinct “n”-
shaped seasonal pattern (Figure 2). Summer and spring recorded the highest Os concentrations, with
medians exceeding 100 ppb on numerous occasions. This trend aligns with the intensified sunlight
and higher temperatures, which facilitate photochemical ozone formation. In contrast, winter
exhibited the lowest Os concentrations, frequently falling below 50 ppb, consistent with diminished
photochemical activity. Fall, exhibiting intermediate Os levels, was lower than summer and spring

but higher than winter.
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Figure 2. Monthly PM> s and O3 concentration trends for each year



219
220
221
222
223
224
225
226
227
228
229
230
231

232

233
234

During ozone pollution episodes (Os > 137 ug/m?), temperatures ranged from 18.5 to 34.0 °C,
while RH varied between 57.1% and 75.0%. In contrast, non-pollution periods (Os < 137 pg/m?)
were characterized by temperatures between 2.9 and 20.9 °C and RH ranging from 66.1% to 99.8%.
During non-ozone-polluted periods, lower temperatures were associated with higher PMoz.s
concentrations (Figure 3). Elevated temperatures facilitate chemical reactions and enhance fluxes
within the atmospheric boundary layer, thus influencing the distribution of gases and particulate
matter. This promotes the conversion of pollutants into gaseous forms, accelerates photochemical
reaction rates, and facilitates NO2 photolysis and volatile organic compounds (VOCs) oxidation,
thereby creating favorable conditions for Os formation. In contrast, lower temperatures inhibit
photochemical fluxes, resulting in reduced Os concentrations. High-humidity environments increase
ultraviolet scattering by aerosols, diminishing photolysis efficiency. Furthermore, elevated humidity

fosters the wet deposition of HNOs, curtailing the recycling of NOy and weakening Os production
(Zou et al., 2024).
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Figure 3. Distribution of temperature and relative humidity at the different PM, 5 and O3
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3.3 Diurnal and weekly cycle of PM3s and O3
3.3.1 Diurnal variation of PM;5 and O3
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Figure 4. Hourly boxplot of PM; 5 and O3 by different seasons from 2016 to 2021

Figure 4 presents the boxplots of hourly concentrations of PMz.s and Os from 2016 to 2021.
PM..s concentrations during winter were significantly higher than those observed in the other three
seasons throughout all 24 hours (Mann-Whitney-Wilcoxon, P < 0.01), with the peak occurring
between 23:00 and 24:00. A distinct diurnal pattern was evident, characterized by elevated levels
from 21:00 to 02:00 and lower concentrations between 13:00 and 17:00. A notable inflection point,
marked by a rapid increase in PMa.s, occurred between 17:00 and 19:00. The periods from 11:00 to
13:00 and from 18:00 to 20:00 correspond to morning and evening traffic rush hours, respectively,
suggesting a significant contribution from traffic-related dust and vehicle emissions to fine
particulate matter concentrations. In contrast, the diurnal variation of Os followed a consistent
“single-valley, single-peak” pattern across all seasons. This pattern can likely be attributed to
suppressed photochemical activity during nighttime, due to lower temperatures, reduced sunlight,
and weaker solar radiation. Additionally, nitric oxide (NO) actively consumes Os, and this titration
effect is intensified during traffic peak hours by increased emissions of nitrogen oxides (NOy) from
vehicles, further reducing Os levels. Therefore, Os concentrations reached their daily minimum
between 07:00 and 08:00. From 09:00 onward, strengthening sunlight, rising solar radiation, and
increasing temperatures promote photochemical production, leading to the gradual accumulation of
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Os. Peak concentrations typically occurred around 14:00-15:00, followed by a decline as solar
radiation diminished and temperatures decreased. Furthermore, Os concentrations were highest from
June to August, consistent with enhanced photochemical formation driven by more intense solar
radiation and higher temperatures during the summer.
3.3.2 Weekly cycle of PM»5 and O3

Figure 5 illustrates that PM2.s concentrations were significantly higher on all days during
winter compared to other seasons (Mann-Whitney-Wilcoxon, P < 0.01). The day-of-week effect
was found to be minimal. While PM:.s levels remained relatively consistent from Monday to Sunday
within each season, a statistically significant difference was observed between weekdays and
weekends (Kruskal-Wallis, H=10.76, P=0.001, €2 = 0.0002). Outliers, characterized by extremely
high PM..s events, were most prevalent in winter. Similarly, Os concentrations were significantly
elevated across all days in summer compared to winter (Mann-Whitney-Wilcoxon, P < 0.01).
Additionally, although concentrations remained relatively stable across days, a clear weekday-
weekend trend was detected (Kruskal-Wallis, H = 45.70, P < 0.001, ¢ * = 0.0009). Outliers,
defined by very high ozone events, occurred predominantly in summer, consistent with episodic

2

high-ozone days.The very small effect sizes (¢ ° < 0.01) indicate that these differences stem from
the large sample size rather than representing practically significant factors. From a public health
perspective, PM:.5s and Os levels show no substantial variation between weekdays and weekends,
suggesting a negligible "weekend effect.
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Figure 5. Weekly boxplot of PM; 5 and O3 by different seasons from 2016 to 2021
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3.4 Potential effects on behavioral change

During periods of high temperature and low humidity (T > 30 °C, RH < 50%), intense solar
radiation accelerates the photolysis of NO: and the oxidation of VOCs, resulting in peak ground-
level Os concentrations typically occurring between 14:00 and 15:00. To minimize exposure, it is
recommended to avoid outdoor activities from 12:00 to 17:00, as this can reduce the inhaled Os dose
by 40-60%. If outdoor exposure is necessary, it is advised to wear a mask with an activated carbon
layer (compliant with GB/T 32610 Class A standards-Class A masks are regarded as the most
effective in terms of protection, with a protection level of no less than 90%, and are suitable for use
in extremely polluted environments.), replacing it every 4 hours. Vehicle occupants should activate
the air conditioning recirculation mode and clean the filters biweekly. It should be noted that
vigorous exercise can increase the inhaled Os dose by 2—3 times (USEPA, 2022). For commuting
by cycling or walking, trips should ideally be scheduled during early morning (06:00—08:00) or
evening (19:00-21:00) hours, avoiding major roads to minimize exposure to traffic-related
emissions. In the cold and humid season (T < 10 °C & RH > 70%), emissions from coal combustion
for heating, combined with a thickened inversion layer and stable atmospheric conditions, contribute
to a reduction in boundary layer height. High humidity fosters the aqueous-phase formation of SPM,
resulting in a bimodal PM..s concentration pattern, with peaks between 11:00—13:00 (associated
with morning traffic and cooking emissions) and 21:00—02:00 (due to nocturnal boundary layer
compression). During hazy days, outdoor activities should be minimized, particularly during the
morning hours of 07:00—10:00, when the inversion layer is most pronounced. Indoors, the use of air
purifiers equipped with a HEPA filter (with a Clean Air Delivery Rate > 200 m%h) is effective. If
outdoor activity is unavoidable, the period between 10:00 and 14:00 is relatively safer. Enclosed
modes of transportation can significantly reduce personal exposure (Li et al., 2015), and wearing a
KN95/NO95 respirator (with a filtration efficiency > 95%) is strongly recommended. Precipitation
events have a scavenging effect on PM:.s, making post-rain ventilation by opening windows
beneficial.

Under compound pollution conditions (T 15-25 °C & RH 50-70%), synergistic increases in
PM:.s and Os concentrations are frequently observed. Monitoring real-time Air Quality Index (AQI)
and Os levels is essential. Outdoor activities should be minimized when the AQI exceeds 100 or
when Os concentrations surpass 137 pg/m?. Vulnerable populations, such as children and individuals
with chronic obstructive pulmonary disease (COPD), should adopt an “indoor micro-environment
strategy”, establishing a clean air space by utilizing air purifiers, air conditioning, and keeping
windows closed.

The implementation of a real-time alert system for special populations is recommended. A
push notification advising “Reduce Outdoor Activities” should be activated on mobile devices when
the AQI exceeds 100 (indicating an exceedance in either PMoa.s or Os). For vulnerable groups (e.g.,
children, COPD patients), a “Red Alert” protocol should be initiated. Automated notifications
recommending medical consultation should be dispatched when the AQI exceeds 150 or when Os
concentrations exceed 180 pg/m?.

4. Conclusion

From 2016 to 2021, the annual average PM.s concentration in the urban area of Luzhou ranged
from 38.0 to 65.0 pg/m?, exhibiting a consistent year-on-year decrease, while the Os concentration
remained between 194 and 213 pg/m?, without displaying a significant temporal trend. Throughout
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the study period, the number of days with concurrent exceedances of both PMa.s (>35 pg/m?) and
05 (>137 pg/m?®) decreased annually, while the proportion of days meeting both standards (PMa.s <
35 pg/m? and Os < 137 pg/m?) increased correspondingly, indicating effective control of PMz.s and
Os pollution. PM2.s concentrations were higher in winter and lower in summer, while Os
concentrations peaked in summer and were at their lowest in winter. PMz.s levels were elevated
from 21:00 to 02:00 the following day and lower between 13:00 and 17:00. Os concentrations
reached their daily minimum between 07:00 and 08:00, with peaks occurring between 14:00 and
15:00.

Based on these patterns, several recommendations for exposure mitigation are proposed:
avoiding outdoor activities from 21:00 to 02:00 during winter and wearing KN95 or higher-grade
masks if outdoor exposure is unavoidable; reducing outdoor exercise between 13:00 and 17:00 in
summer, with a preference for well-ventilated indoor spaces; encouraging children and the elderly
to use public transportation and minimize waiting time during cold and humid conditions; and
consulting real-time Os forecasts before outdoor activities in hot and dry weather, postponing
prolonged exercise when Os concentrations exceed 160 pg/m?. The implementation of precise, time-
and meteorology-specific behavioral interventions is recommended to significantly reduce acute
exposure risks for sensitive populations. These findings provide a data-driven foundation for
individual health protection and public health management.

5. Research Prospects

This research provides a preliminary analysis of PMz.s and Os pollution characteristics and
proposes mitigation strategies based on the findings. However, the temporal incongruity between
pollution exposure metrics and population health data, alongside privacy constraints, precluded any
analysis of individual health effects or exposure-disease relationships. Consequently,
epidemiological studies and the evaluation of public health interventions are necessary next steps to
corroborate the behavioral suggestions put forth herein.

Acknowledgements

The authors would like to gratefully acknowledge the Data monitoring department of Luzhou
Ecological and Environmental Monitoring Central Station of Sichuan Province for providing the
pollutant data.We would like to thank EditChecks (https://editchecks.com.cn/) for providing
linguistic assistance during the preparation of this manuscript.

Funding

This work was supported by Luzhou People's government-Southwest Medical University Science
and Technology strategic cooperation project (2023LZXNYDJ050), Scientiffc Research Project of
South- west Medical University (2021ZKQNO004, 2022QN065), and Luzhou Science and
Technology Project (2022-JYJ-155). Sichuan College Students

Innovation and Entrepreneurship Training Project (5202510632177

Declaration of competing interest
The authors declare that they have no known competing financial interests or personal relationships
that could have appeared to influence the work reported in this paper.



364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379

380

381
382
383
384
385

386
387
388

389
390
391

392
393
394

395
396

397
398

399
400
401

402
403

Author contributions declaration

Xiao-jing Hu: Responsible for collecting, organizing and analyzing data, drafting the initial version,
and revising the thesis. Email: 334387072(@qq.com

Yong-hong Luo: Responsible for designing Paper, drawing charts, writing original paper. Email:
yonghong@usf.edu

Yuan-ying Jiang: Responsible for collecting, organizing and analyzing data,providing financial
support. Email: j3350265161@qq.com

Xiao-bo Liu: Responsible for collecting, organizing and analyzing data,providing financial support.
Email: 1812275340@qq.com

Hai-quan Yan: Responsible for collecting and organizing data, providing financial support.

Email: 82491687@qq.com

Xiao-yu Li: Responsible for collecting, organizing and analyzing data, drafting the initial version,
and revising the thesis. Email: 278636120(@qqg.com

Ren-jiang He: Responsible for collecting, organizing and analyzing data, revising the thesis,

providing financial support. Email: herenjiang@163.com
References

1.Shaorong Li, Jianhui Guo , Yaqi Wang, et al.The Characteristics of PMa2 s and O3 Synergistic
Pollution in the Sichuan Basin Urban Agglomeration[J]. Atmosphere, 2025,16,329.

2.Ping Shao, Siyuan Wang, Chaoyong Tu, et al. Variation characteristics and impact factors of the
co-occurrence of surface ozone and particulate matter over the Southern Sichuan region, China[J].
Nat Hazards,2025(121):10807-10824.

3. Xue T, Han Y Q, Fan Y F, et al. Association between a Rapid Reduction in Air Particle Pollution

and Improved Lung Function in Adults. Annals of the American Thoracic Society. 2021,18(2):247-
256.

4.Yang BY, Guo Y M, Markevych I, et al. Association of Long-term Exposure to Ambient Air
Pollutants With Risk Factors for Cardiovascular Disease in China. JAMA Netw Open. 2019
Mar;2(3):e190318.

5. Meo S A, Salih M A, Al-Hussain F, et al. Environmental pollutants PM2.5, PM10, carbon
monoxide (CO), nitrogen dioxide (NO2), sulfur dioxide (SO2), and ozone (O3) impair human
cognitive functions. Eur Rev Med Pharmacol Sci. 2024 Jan;28(2):789-796.

6. Yuan L, Shin K, Managi S. et al. Subjective well-being and environmental quality: The Impact of

air pollution and green coverage in China. Ecological Economics, 2018,153,124-138.

7. Zheng XY, Tang SL, Liu T, et al. Effects of long-term PM2.5 exposure on metabolic syndrome
among adults and elderly in Guangdong, China. Environ Health. 2022 Sep 10;21(1):84.

8. Cui ZM, Ma YY, Yu YY, et al. Short-term exposure to ambient fine particulate pollution
aggravates ventilator-associated pneumonia in pediatric intensive care patients undergoing
cardiovascular surgeries. Environ Health. 2023 Apr 26;22(1):39.

9. Ma H, Zhang Q, Liang W, et al. Short-Term Exposure to PM2.5 and O3 Impairs Liver Function
in HIV/AIDS Patients: Evidence from a Repeated Measurements Study. Toxics. 2023, 11(9):729.



404
405
406

407
408

409
410

411
412

413
414

415
416

417
418
419

420
421

422
423

424
425

426
427

428
429
430

431
432
433

434
435
436

437
438
439

10. Ahmed N. Bdour, Moshrik R. Hamdi, Moayyad S. Shawaqfeh, et al. Enhancing Public
Participation in Local Air Pollution Assessment: A Citizen Participation Prototype from Zarqa
Governorate, Jordan. Environmental engineering science 2008, 25(4): 451-459.

11. Zhang J J, Mu Q. Air pollution and defensive expenditures: Evidence from particulate-filtering
facemasks.Journal of Environmental Economics and Management, 2018(92),517-536.

12. An, R., Yu, H. Impact of ambient fine particulate matter air pollution on health behaviors: A
longitudinal study of university students in Beijing, China. Public Health, 2018,159, 107-115.

13. An R, Xiang X. Ambient fine particulate matter air pollution and leisure-time physical inactivity
among US adults. Public Health, 2015,129(12), 1637-1644.

14. Qin Y, Zhu H J, Run away? Air pollution and emigration interests in China. Journal of Population
Economics, 2018,31(1), 235-266.

15. Cheung C., Law, R. The impact of air quality on tourism: The case of Hong Kong. Pacific
Tourism Review,2001,5(1-2), 69—74.

16. Zhao, C N, Zhang M, Wang W W. et al. Exploring the influence of severe haze pollution on
residents' intention to purchase energy-saving appliances. Journal of Cleaner Production, 2019,212,
1536-1543.

17. Semenza J C, Wilson D J, Parra J, et al. Public perception and behavior change in relationship
to hot weather and air pollution. Environmental Research, 2008,107(3),401-411

18. Noonan D S. Smoggy with a chance of altruism: The effects of 0zone alerts on outdoor recreation
and driving in Atlanta. Policy Studies Journal, 2014,42(1), 122—-145.

19. Ban J, Zhou L, Zhang Y, et al. The health policy implications of individual adaptive behavior
responses to smog pollution in urban China.Environment Iternationanl, 2017,106, 144—152.

20. Neidell M. Information,avoidance behavior, and health the effect of ozone on asthma
hospitalizations.Journal of Human Resources, 2009,44(2), 450-478.

21. NA Jun, LI Yan-xia, CHEN Kang-jing, et al,. Survey on Residents’ Individual Adaptive
Behaviors in Coping with Air Pollution in Five Cities/Countiesof Liaoning Province, J Environ
Occup Med) 2016,33 (3) ,263-266.

22. Prajul Mohandas, Subramanian P, Surendran R.Optimizing Air Pollution Prediction in Urban
Environments using a Hybrid RNN-PBO Model with [oT Data. 2025 International Conference on
Visual Analytics and Data Visualization (ICVADV), Tirunelveli, India, 2025, 480-487.

23.Mohandas P, Subramanian P, Rajendran S. Air Pollution Monitoring System using Stacked
Attentional Vectormap Convolutional Bidirectional Network with Bobcat Optimization and IoT-
Cloud, Global NEST Journal, 2025, 27(3), 06937

24. Periasamy S, Subramanian P, Surendran R. An intelligent air quality monitoring system using
quality indicators and Transfer learning based Lightweight recurrent network with skip
connection. Global NEST, 2024, 26(5), 06096.



440
441
442

443
444
445

446
447
448

449
450
451

452
453

454
455
456

457
458
459

460
461

462
463
464

465
466

25. Zhang Y, Zeng J, Tian X Y, et al. Estimating the mutually adjusted health effects of short- and
long-term exposure to PM> s on respiratory mortality in a population-based study, Atmospheric
Pollution Research, 2024,15(5), 102091.

26. Shao Z, Zheng X, Jing Zhao, et al. Evaluating the health impact of air pollution control strategies
and synergies among PM; s and O; pollution in Beijing-Tianjin-Hebei region, China,Environmental
Research,2025,274,121348

27. Tan Y X, Xiang, Q Q, Zhang, Y L, et al,. Impaired physical function in relation to later-life
exposure to ambient fine particulate matter and ozone among Chinese middle-aged and older
adults. BMC Public Health 2025, 25(1):2616.

28. Su B B, Liu, C, Chen, L, et al. Xiaoying Long-term exposure to PM,s and Os; with
cardiometabolic multimorbidity: Evidence among Chinese elderly population from 462
cities.Ecotoxicology and Environmental Safety.2023,255,14790

29. Zheng X Y, Tang S L, Liu T, et al. Effects of long-term PM2.5 exposure on metabolic syndrome
among adults and elderly in Guangdong, China. Environ Health. 2022,Sep 10;21(1):84.

30,CuiZM,MaYY, YuYY, etal Short-term exposure to ambient fine particulate pollution
aggravates ventilator-associated pneumonia in pediatric intensive care patients undergoing
cardiovascular surgeries. Environ Health.2023 Apr 26, 22(1):39.

31.MaHF, Zhang Q, Liang W, et al. Short-Term Exposure to PM; 5 and O3 Impairs Liver Function
in HIV/AIDS Patients: Evidence from a Repeated Measurements Study. Toxics. 2023 Aug
25;11(9):729.

32.Susa, A, Zekovic, M, Davidovic, D, et al. From Perception to Action: Air Pollution Awareness
and Behavioral Adjustments in Pregnant Women in Serbia.Healthcare. 2025,13(12):1475.

33. Landeros-Mugica K, Urbina-SorialJ, Angeles-Hernandez DI, et al. Air Pollution and Climate
Change Risk Perception among Residents in Three Cities of the Mexico Megalopolis Atmosphere.
2024, 15(1):42.

34 LiYP,FanZ Y, Li K, et al. Commuter exposure to PM2.5 and its influencing factors in
different commuting modes[J]. Environmental Chemistry, 2015, 34(8):1408-1416.


https://www.sciencedirect.com/journal/atmospheric-pollution-research
https://www.sciencedirect.com/journal/atmospheric-pollution-research
https://www.sciencedirect.com/journal/environmental-research
https://www.sciencedirect.com/journal/environmental-research
https://webofscience.clarivate.cn/wos/alldb/general-summary?queryJson=%5b%7b
https://webofscience.clarivate.cn/wos/alldb/general-summary?queryJson=%5b%7b
https://webofscience.clarivate.cn/wos/alldb/general-summary?queryJson=%5b%7b
https://webofscience.clarivate.cn/wos/author/record/53190061
https://webofscience.clarivate.cn/wos/author/record/40539472
https://webofscience.clarivate.cn/wos/author/record/77876816
https://www.sciencedirect.com/journal/ecotoxicology-and-environmental-safety
https://www.proquest.com/docview/3223906247?pq-origsite=wos&accountid=211637&sourcetype=Scholarly%20Journals
https://www.proquest.com/docview/3223906247?pq-origsite=wos&accountid=211637&sourcetype=Scholarly%20Journals
https://www.proquest.com/docview/3223906247?pq-origsite=wos&accountid=211637&sourcetype=Scholarly%20Journals
https://www.proquest.com/docview/3223906247?pq-origsite=wos&accountid=211637&sourcetype=Scholarly%20Journals
https://webofscience.clarivate.cn/wos/author/record/24094784

