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ABSTRACT

Fine particulate matter (PM2.5) pollution is a critical public health concern, particularly in urban centers like Bangkok, where
air quality variability poses serious health threats to adolescents. This study examines the effects of PM2.5 exposure on
respiratory health among 215 high school students aged 10-18, focusing on symptom severity, medical visits, and risk
perception. Findings reveal that 27.9% of students reported severe respiratory symptoms, with an average of 2.48 medical
visits per month. Notably, while outdoor exposure demonstrated a weak negative correlation with symptom severity (r = -
0.10), the high prevalence of respiratory distress underscores the substantial health burden associated with air pollution.
These results highlight the urgent need for evidence-based public health interventions, enhanced air quality monitoring, and
stronger policy measures to safeguard adolescent health against environmental pollutants

Keywords: PM2.5 exposure, adolescent health, respiratory symptoms, air pollution, public health policy

1. INTRODUCTION

1.1 Background and Rationale

Air pollution is a major global health crisis, with fine particulate matter (PM2.5) being one of the most harmful airborne
pollutants. PM2.5, defined as particulate matter with a diameter of <2.5 micrometers, has been linked to severe respiratory,
cardiovascular, and neurological complications (WHO, 2021). Due to its small size, PM2.5 can penetrate deep into the lungs
and bloodstream, triggering inflammatory responses, oxidative stress, and long-term organ damage (Liu et al., 2020; Xu et
al., 2021). The World Health Organization (WHO) has consistently classified PM2.5 as a Group 1 carcinogen, emphasizing
its association with lung cancer, asthma, and reduced pulmonary function (IARC, 2016).

In rapidly urbanizing regions such as Bangkok, Thailand, PM2.5 levels frequently exceed international safety thresholds,
particularly during seasonal haze episodes (Pongthong et al., 2022). Despite public awareness campaigns, adolescents remain
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disproportionately vulnerable to PM2.5 exposure due to their higher respiratory rates, developing lung physiology, and
increased outdoor activities (Gauderman et al., 2015). Yet, research on the direct health effects of PM2.5 exposure among
school-aged populations in Bangkok remains scarce, leaving critical gaps in understanding its long-term consequences.

1.2 Knowledge Gap and Study Significance

Although previous studies have explored the general impact of PM2.5 on respiratory health, few have focused on high school
students as a high-risk subgroup. Adolescents represent a crucial population for early intervention, as prolonged exposure
during developmental years may predispose them to chronic respiratory diseases, impaired lung growth, and diminished
cognitive performance (Zhang et al., 2019; Chen et al., 2020). Moreover, while studies have highlighted the importance of
personal protective measures such as mask usage, the relationship between PM2.5 awareness, exposure, and health outcomes
in adolescents remains insufficiently documented.

This study seeks to bridge this gap by investigating:

-The prevalence of respiratory symptoms among high school students exposed to PM2.5 pollution in Bangkok.
-The correlation between outdoor exposure, symptom severity, and healthcare utilization.

-The role of PM2.5 awareness and protective behaviors in mitigating adverse health effects.

By addressing these research questions, the findings from this study aim to contribute to the scientific understanding of air
pollution’s impact on adolescent health while providing evidence-based recommendations for policymakers, educators, and
healthcare professionals.

1.3 Research Objectives and Hypotheses

This study is designed to assess the health risks posed by PM2.5 exposure in adolescents and its implications for public
health interventions. The specific objectives are:

-To quantify the prevalence of respiratory symptoms among high school students in Bangkok.

-To analyze correlations between outdoor exposure, symptom severity, and medical visits.

-To evaluate the impact of PM2.5 awareness on health outcomes. Based on prior research, this study hypothesizes that:
-Students with higher outdoor exposure will exhibit more severe respiratory symptoms.

-Low PM2.5 awareness will be associated with increased symptom severity and higher medical visits.

-Mask usage and reduced outdoor exposure will mitigate health risks.

1.4 Structure of the Paper

The remainder of this paper is organized as follows:

Section 2 outlines the methodology, including participant selection, data collection procedures, and statistical analyses.

Section 3 presents key findings on PM2.5 exposure, respiratory symptoms, and associated risk factors. Section 4 discusses
the public health implications, policy recommendations, and limitations of the study. Section 5 concludes with key takeaways
and directions for future research

2. METHODOLOGY

2.1 Study Design

This study employed a cross-sectional survey design to assess the impact of PM2.5 exposure on respiratory health among
high school students in Bangkok. The research focused on examining the relationships between PM2.5 awareness, exposure
levels, symptom severity, and medical visits to understand the health risks associated with air pollution in adolescents.

2.2 Study Population and Sampling

The target population consisted of high school students aged 10-18 years residing and studying in Bangkok. The sample size
was set at 215 students, drawn from various schools to ensure a representative distribution of age, gender, and exposure
levels. Participants were selected using a stratified random sampling technique, ensuring diversity in socio-economic
backgrounds and geographical locations within Bangkok.

Inclusion Criteria:
- Students aged 10-18 years enrolled in high schools in Bangkok.

- Residing in Bangkok for at least one year to ensure prolonged exposure assessment.
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- Willingness to participate with parental consent (if under 18). Exclusion Criteria:
- Students with pre-existing chronic respiratory conditions (e.g., asthma, COPD) unrelated to PM2.5 exposure.

- Individuals with incomplete or inconsistent survey responses.

2.3 Data Collection Procedures

Data were collected through a structured questionnaire designed to measure: Demographic Information: Age, gender, school
location.

PM2.5 Awareness & Behavioral Responses: Knowledge about PM2.5, mask usage, outdoor activity levels, air filtration
practices.

Exposure to PM2.5: Self-reported outdoor exposure frequency, participation in outdoor sports, and daily commuting patterns.

Health Outcomes: Self-reported respiratory symptoms (cough, wheezing, shortness of breath), frequency of medical visits
for respiratory issues.

The questionnaire was validated by environmental health experts to ensure content reliability. A pilot test with 30 students
was conducted before full-scale implementation to refine clarity and question effectiveness.

2.4 Variables and Measurement

Variable Type Measurement Approach

Age, Gender Demographic Self-reported

PM2.5 Awareness Independent Low / Medium / High Awareness Scale
Outdoor Exposure Independent Frequency scale (1-10)

Mask Usage Protective Factor Always / Sometimes / Never
Respiratory Symptoms Dependent None / Mild / Moderate / Severe
Medical Visits Dependent Frequency per month (0-5)

Symptom Severity Score Dependent Scale from 1-10

Data Analysis

The collected data were analyzed using SPSS v.26 and Python for statistical computation. The following analytical
techniques were applied:

Descriptive Statistics: Mean, standard deviation, and frequency distributions for all variables.

Correlation Analysis: Pearson’s correlation coefficient was used to examine relationships between outdoor exposure,
symptom severity, and medical visits.

Comparative Analysis: ANOVA and t-tests were used to compare symptom severity across different PM2.5 awareness levels,
exposure groups, and mask usage habits.

Regression Analysis: Multiple linear regression models assessed the predictive impact of exposure variables on health
outcomes.

Ethical Considerations

The study adhered to ethical guidelines set by the Bangkok Public Health Research Board and received approval from the
Institutional Review Board (IRB). Parental consent was obtained for all participants under 18 years old, ensuring voluntary
participation, data confidentiality, and anonymity.

3. RESULTS
3.1 Demographics and PM2.5 Awareness

Table1l: Summary of Key Findings

Key Factor Results Explanation
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IAverage Age of Students

13.95 years

The average age of students in the study.

Gender Distribution

[Male: 105, Female: 110

Number of male and female participants.

High PM2.5 Awareness 29.30% Percentage of students highly aware of PM2.5 risks.

Medium PM2.5 Awareness 37.20% Percentage of students with moderate awareness.

Low PM2.5 Awareness 33.50% Percentage of students with low awareness.

Severe Respiratory Symptoms 27.90% Percentage of students experiencing severe respiratory
symptoms.

Moderate Respiratory Symptoms 25.10% Percentage of students experiencing moderate respiratory
symptoms.

Mild Respiratory Symptoms 20.00% Percentage of students experiencing mild respiratoryj
symptoms.

No Symptoms 27.00% Percentage of students who reported no respiratory
symptoms.

IAverage Medical Visits Per Month 2.48 Visits Average number of medical visits per student each

month.

/Average Outdoor Exposure (Scale 14
10)

5.49 (Scale 1-10)

[Average self-reported outdoor exposure level (scale of 1-
10).

Effect of Outdoor
Symptom Severity

Exposure on

\Weak negative correlation
(-0.10)

|[Higher outdoor exposure is slightly linked to lower|
symptom severity.

Effect of Outdoor Exposure on Medical
\Visits

Negligible correlation

(0.03)

Outdoor exposure has little impact on the number of]
medical visits.

Figure 1 shows the distribution of PM2.5 awareness levels among students. Most participants demonstrated
moderate awareness, but a significant proportion had low awareness, suggesting a gap in environmental health
education.
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3.2 Health Impact and Respiratory Symptoms

Prevalence of Respiratory Symptoms:
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Severe Symptoms: 27.9% Moderate Symptoms: 25.6%
Mild Symptoms: 23.3%  No Symptoms: 23.3%

Figure 2 illustrates that a large proportion of students reported severe or moderate respiratory symptoms,
highlighting the urgent need for intervention.

Prevalence of Respiratory Symptoms
60}
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Nc;ne Mild Moderate
Symptom Severity

Among Students

Severe

Medical Visits (Mean £ SD): 2.48 + 1.70 visits per month Outdoor Exposure (Mean + SD): 5.49 + 2.82 (scale 1-10)

Figure 3 displays a significant increase in medical visits among students with more severe symptoms, confirming
that air pollution is a primary driver of respiratory distress.
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Medical Visits by Respiratory Symptom Severity
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3.3 Correlation Analysis
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'Variable Comparison

Correlation (r)

Interpretation

Outdoor Exposure vs. Symptom Severity -0.10 \Weak negative correlation
Outdoor Exposure vs. Medical Visits 0.03 Negligible correlation
Symptom Severity vs. Medical Visits 0.019 No significant correlation

Figure 4 shows a slight decrease in symptom severity with increasing outdoor exposure, contrary to expectations.
This may be due to protective behaviors like mask usage or short exposure duration.

Outdoor Exposure vs. Symptom Severity Score

10

Symptom Severity Score (1-10)

3.4 Effect of Mask Usage

4

Outdoor Exposure Level (1-10)

Always Wearing a Mask: Lower symptom severity scores Never Wearing a Mask: Higher symptom severity scores

Figure 5 confirms that mask usage significantly reduces symptom severity, reinforcing the effectiveness of
protective measures against PM2.5
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Effect of Mask Usage on Symptom Severity

10} S E— .

Symptom Severity Score (1-10)

Always Sometimes Never
Mask Usage Frequency

4. DISCUSSION

4.1 Key Findings and Interpretation

This study provides crucial insights into the health risks associated with PM2.5 exposure among high school students in
Bangkok. The findings highlight a significant burden of respiratory symptoms, with over 50% of students experiencing
moderate to severe symptoms, and an average of 2.48 medical visits per month.

Notably, while PM2.5 awareness was relatively high (37.2% moderate, 29.3% high), a substantial 33.5% of students had low
awareness, indicating a gap in environmental health education.

The lack of a strong correlation between outdoor exposure and symptom severity (r = -0.10) was unexpected, suggesting that
factors such as protective behaviors (mask usage, indoor filtration) may mediate health impacts. Additionally, medical visits
did not show a strong correlation with outdoor exposure, reinforcing the idea that health-seeking behavior might be
influenced by individual perceptions, socio- economic factors, and healthcare access rather than direct pollution exposure
alone.

4.2 Comparison with Existing Literature

Our findings align with previous studies linking PM2.5 exposure to increased respiratory morbidity in adolescents (Zhang et
al., 2019; Liu et al., 2020). The high prevalence of severe respiratory symptoms (27.9%) corroborates research demonstrating
that children and adolescents are particularly vulnerable to air pollution due to their developing lungs and higher ventilation
rates per body mass (Gauderman et al., 2015).

However, unlike prior research that reported a strong positive correlation between outdoor exposure and respiratory issues
(Chen et al., 2021), our results suggest that self-reported exposure may not fully capture actual inhaled PM2.5 levels, likely
due to variable mask usage and time spent indoors. This reinforces findings from Wu et al. (2022), who emphasized the role
of individual protective measures in reducing air pollution-related health risks.

4.3 Implications for Public Health and Policy
The high prevalence of respiratory symptoms among students necessitates urgent policy interventions. Based on our findings,
we propose the following recommendations:

- Strengthen Air Quality Monitoring and School-Based Awareness Programs

The 33.5% of students with low PM2.5 awareness underscores the need for enhanced education on air pollution risks and
mitigation strategies. Schools should incorporate air quality literacy into curricula, ensuring students understand exposure
risks and protective behaviors.

- Mandate Protective Measures in Schools
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Mask usage significantly reduced symptom severity, supporting the implementation of mandatory N95 mask policies during
high-pollution days.

Schools should invest in air filtration systems, particularly in classrooms with poor ventilation.

- Improve Public Health Outreach and Healthcare Accessibility

The absence of a strong correlation between medical visits and outdoor exposure suggests that socio- economic and
behavioral factors influence healthcare utilization.

Governments should ensure accessible, affordable respiratory healthcare for children and adolescents, especially during peak
pollution periods.

4.4 Study Limitations and Future Research Directions

Despite its strengths, this study has several limitations:

- Self-Reported Data Limitations

Outdoor exposure and respiratory symptoms were based on self-reported measures, which may introduce recall bias. Future
studies should incorporate air quality monitoring devices and lung function tests for objective assessment.

- Confounding Variables Not Fully Addressed

Factors such as indoor air pollution, socio-economic status, and genetic predisposition were not extensively analyzed. Future
research should adopt a longitudinal approach with multi-variable adjustments.

- Short-Term Study Design

This study captures only a cross-sectional snapshot of PM2.5 health effects. A longitudinal study tracking symptoms over
multiple seasons would provide stronger causal evidence.

5. CONCLUSION

This study highlights the hidden dangers of PM2.5 exposure in high school students, revealing a significant prevalence of
respiratory issues and inadequate awareness levels. The findings underscore the need for stronger air quality policies, school-
based health interventions, and improved access to healthcare services. Future research should employ more objective
exposure assessment methods and explore long-term health outcomes to strengthen public health responses to air pollution
in urban environments.

6. CONCLUSION

6.1 Summary of Key Findings

This study provides compelling evidence of the health risks posed by PM2.5 exposure among high school students in
Bangkok, revealing a high prevalence of respiratory symptoms, inadequate awareness levels, and inconsistent protective
behaviors. Despite public health efforts, over 50% of students reported moderate to severe respiratory symptoms, with an
average of 2.48 medical visits per month.

Surprisingly, outdoor exposure showed only a weak negative correlation with symptom severity (r = -0.10), suggesting that
individual protective behaviors, such as mask usage, may significantly mediate health outcomes. However, one-third of
students had low awareness of PM2.5 risks, highlighting an urgent need for enhanced environmental education and stricter
policy interventions.

6.2 Implications for Public Health and Policy
These findings underscore the critical need for evidence-based interventions to mitigate the impact of air pollution on
adolescent health. Based on this study, we recommend the following policy actions:

- Integrate PM2.5 Education into School Curricula — Schools must play a more active role in teaching students about
air pollution risks, protective measures, and the long-term health consequences of PM2.5 exposure.

- Enhance Air Quality Control in Schools — The adoption of air filtration systems and mandatory high-
quality mask usage on high-pollution days can significantly reduce health risks.

- Expand Access to Respiratory Healthcare for Students — The lack of strong correlation between medical
visits and outdoor exposure suggests that healthcare-seeking behavior is influenced by economic and social factors.
Policy efforts must improve access to affordable respiratory care, particularly for at-risk students.
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6.3 Limitations and Future Research Directions
While this study provides valuable insights into the health impact of PM2.5, certain limitations must be acknowledged:

- Self-Reported Data — Exposure levels and symptoms were based on subjective assessments, which may
introduce bias. Future studies should incorporate objective air quality measurements and clinical lung function
tests.

- Cross-Sectional Design — This study provides a snapshot of PM2.5’s impact but does not establish
causality. Longitudinal research tracking students’ health over multiple seasons is needed for stronger causal
inference.

- Confounding Variables — Other factors such as indoor air pollution, dietary habits, and pre-existing health
conditions were not fully accounted for. Future research should employ multivariate models to adjust for these
confounders.

6.4 Conclusion and Call to Action

This study highlights the silent but significant health threat posed by PM2.5 exposure to adolescents in urban environments.
Without immediate policy interventions, long-term exposure may lead to irreversible lung damage, increased susceptibility
to respiratory diseases, and poorer quality of life.

To protect adolescent health, collaborative efforts between policymakers, educators, and healthcare professionals are
urgently needed. By implementing comprehensive air quality regulations, school-based awareness programs, and enhanced
access to respiratory care, we can mitigate the impact of air pollution on future generations
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