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A B S T R A C T   

Objectives: Environmental pollution has been an emerging global public health problem worldwide. This study 
aimed to investigate the impact of air pollutants particulate matter PM2.5, PM10, Carbon Monoxide (CO), Ni-
trogen Dioxide (NO2), Sulfur Dioxide (SO2), and Ozone (O3) on lung functions. 
Methods: In this matched case-control, cross-sectional study, two schools were selected located in two different 
areas, school # 1 was located near a traffic-polluted area, and school # 2 was in an area away from the traffic- 
polluted area. Of a total of 300 students, 150 (75 boys and 75 girls) students from school # 1 and 150 students 
(75 boys and 75 girls) were from school # 2 located away from a traffic-polluted area. The mean age of students 
was 13.53 ± 1.20 years. The students in both schools were enrolled in the study on their voluntary involvement, 
and health status, matched by age, height, weight, gender, nationality, regional, socioeconomic, and cultural 
background, and the admission criteria of their schools. The environmental pollutants particulate matter “PM2.5, 
PM10, CO, NO2, SO2, and O3” were recorded. The level of air pollutants in school # 1 was 35.00 ± 0.65, 
significantly higher compared to school # 2 (29.95 ± 0.32). The pulmonary function test (PFT) parameters were 
performed on an electronic Spirometer. The parameters included “Forced Vital Capacity (FVC); Forced Expira-
tory Volume in the first second (FEV1); Forced Expiratory Ratio (FEV1/FVC %); Forced Expiratory Flow 25 % 
(FEF 25 %); Forced Expiratory Flow 50 % (FEF 50 %); Forced Expiratory Flow 75 % (FEF 75 %) and Peak 
Expiratory Flow Rate (PEFR) were recorded”. 
Results: The results revealed that the mean values for FEF-50 % (3.31 ± 1.18); FEF-75 % (1.66 ± 0.80) and PEFR 
(5.02 ± 1.79) were significantly decreased among students studying in school situated in a motor vehicle 
polluted area compared to those studying in school positioned away from the motor vehicle polluted area FEF-50 
% (5.85 ± 6.21) (p = 0.001); and FEF-75 % (4.49 ± 6.87) (p = 0.001), and PEFR (8.14 ± 15.08) (p = 0.012). 
However, the groups had no significant difference between FVC, FEV1, FEV1/FVC Ratio (%), and FEF-25 %. The 
findings further demonstrated that the pattern of lung function impairment was peripheral airway lung 
involvement amongst the students in schools placed in environmentally contaminated areas. 
Conclusions: Environmental pollution significantly impaired lung function parameters FEF-50%, FEF-75% and 
PEFR, with peripheral airway lung involvement among students who studied in a school situated in motor 
vehicle-polluted areas. The results highlight the importance of the implementation of effective mitigation stra-
tegies and promoting sustainable and environmentally friendly transportation options to combat environmental 
pollution.   
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1. Introduction 

Over the past three decades, air pollution has been a global public 
health problem worldwide. The swift urbanization and industrial revo-
lution increased environmental pollution to a dangerous level. The 
numerous pollution sources change the environment’s arrangement and 
composition, including air, water, and soil (Manisalidis et al., 2020). 

The severity and composition of air pollution can vary based on the 
geographical location, weather conditions, population, and human ac-
tivities in each area. The multiple sources of air pollution are natural and 
human-made, which contaminate the environment. Industrial emissions 
have been recognized as a substantial contributor to environmental 
degradation and climate change. Industrial emissions pose significant 
challenges to environmental and human well-being. Industrial activities 
including manufacturing, power generation, and chemical production 
release pollutants such as “particulate matter (PM), carbon monoxide 
(CO), nitrogen oxides (NOx), Ozone (O3), sulfur dioxide (SO2), and 
volatile organic compounds” (VOCs). These gases and chemical sub-
stances contaminate the environment (World Health Organization 
(WHO), 2023). 

The WHO has declared that environmental pollution is a silent killer, 
killing about seven million people each year, or 15.5 people per minute, 
because of air pollution. Pollution affects both human health and global 
economies as 400 billion US Dollars are spent on subsidizing fossil fuel 
use [World Health Organization, 2023]. Environmental pollution 
developed a highly hazardous situation with considerable damage to the 
global human health and living organisms. It is a leading risk factor for 
several illnesses, mainly respiratory (Meo et al., 2019; Deng et al., 2023; 
Su et al., 2023), coronary artery diseases (Rajagopalan et al., 2018), 
endocrine (Zhang et al., 2020; Meo et al., 2015), nervous system dis-
orders (Yuan et al., 2023), and cancer (Shehata et al., 2023). 

The rapid economic development, population growth and migration 
of people from various countries resulted in an increase in metropolitan 
boundaries and the number of motor vehicles in the urban areas. The 
increase in motor vehicle fleet size has increased environmental pollu-
tion (Meo et al., 2019). Evidence suggests that motor vehicles generate 
enormous quantities of CO2, CO, NO2, PM2.5 and PM10, which 
contaminate the environment and cause environmental pollution (Lin 
et al., 2019). 

Worldwide, many schools are located near roadways with heavy 
traffic or traffic-related polluted areas. Exposure of children and ado-
lescents to these environmental pollutants, particularly during their 
physiological developmental age period increases the risk of respiratory 
diseases with other health issues. In the current global situation of 
environmental pollution, this study is essential to understand the impact 
of traffic-related environmental pollution on adolescents’ respiratory 
functions. Lung function tests hold significant clinical importance in 
various aspects of respiratory care. Lung function tests provide valuable 
information to health care professionals regarding the diagnosis and 
prognosis of respiratory disorders and also the impact of air pollution on 
the respiratory system. This study aimed to investigate the effect of 
environmental pollutants “particulate matter PM2.5, PM10, nitrogen di-
oxide (NO2), carbon monoxide (CO), sulfur dioxide (SO2), and ozone 
(O3)” on lung functions of students studying in schools located in or 
away from motor vehicle air-polluted areas. 

2. Subjects and Methods 

This matched case-control, “cross-sectional study was conducted in 
the Department of Physiology, College of Medicine, King Saud Univer-
sity, Riyadh, Saudi Arabia.”. 

2.1. Selection of schools 

In this study, two schools located in two separate areas of Riyadh, 
Saudi Arabia were selected. The first school was situated near a motor 

vehicle-polluted area, within 200 m of the main traffic road. This school 
was considered a motor vehicle pollutant-exposed school (exposed 
group, school-1). The second school was located about 1,500 m away 
from the main road. This school was considered a school less exposed to 
motor vehicle pollutants (control group, school 2). 

2.2. Selection of students 

This study selected 300 students, 150 (75 boys and 75 girls) from 
school # 1, and 150 (75 boys and 75 girls) from school # 2. The students 
were recruited by their voluntary involvement, same age, gender, 
height, weight, socioeconomic status, class level and health status. This 
matching was to ensure valid and reliable comparisons between the two 
groups. 

2.3. Exclusion criteria 

Students with known cases of respiratory, coronary, endocrine, 
renal, and nervous system disorders were excluded from the study. 
Moreover, students who smoke cigarettes or shisha and work or live near 
any industry were excluded as well (Meo and Aldeghaither et al., 2019). 
Students whose family members, such as father or mother were cigarette 
smokers were also excluded from the study to minimize the passive 
smoking effect on lung functions. 

2.4. Measurements of air pollutants 

The air pollutants were determined every hour over 24 h through the 
integrated sampling systems. PM2.5, PM10, CO, NO2, SO2, and O3 were 
measured using the MP101M (2.5), MP101M (10), CO12e, AC32e, 
AF22e, O342e, Air Quality Monitors. The air pollutants data were also 
obtained from the National Center for Environmental Compliance 
(NCEC), Riyadh, Saudi Arabia. Moreover, daily air pollutants were 
recorded from the (Air Quality Index, AQI, 2022). All these methods and 
sources were used to obtain the air pollutant data. 

2.5. Lung function test [spirometry] 

The lung function tests were performed on an electronic Spirometer 
at a specific time of the day (10.00–13.00 h). The spirometer was cali-
brated daily and appropriately operated as per American Thoracic So-
ciety (ATS) guidelines. The clinical history and anthropometric 
parameters were recorded, and the students were briefed about the test 
procedure and students were encouraged to practice in the study. The 
test procedure was repeated three times after adequate rest. For the 
participants, a new disposable sterile mouthpiece was used to avoid 
cross-infection. These parameters recorded were: “Forced Vital Capacity 
(FVC); Forced Expiratory Volume in the first second (FEV1); Forced 
Expiratory Ratio (FEV1/FVC %); Peak Expiratory Flow (PEF); Forced 
Expiratory Flow 25 % (FEF 25 %); Forced Expiratory Flow 50 % (FEF 50 
%); and Forced Expiratory Flow 75 % (FEF 75 %)”. 

2.6. Statistical analysis 

The data were analyzed by using the “Statistical Package for Social 
Sciences (SPSS for Windows, version 21.0; IBM, Armonk, NY, USA). The 
descriptive statistics were presented as means and standard deviations 
(Mean ± SD); an unpaired student’s t-test (parametric test) was applied 
to assess the difference in the means between the variables. The level of 
significance was considered at p < 0.05.”. 

3. Results 

3.1. Environmental pollutants in school localities 

In both schools, the air pollutants include “PM2.5, PM10, CO, NO2, O3, 
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SO2, and total pollutants were recorded (Table 1). The mean level of 
environmental pollutants PM2.5 in school # 1 was 110.64 ± 33.61 
significantly higher compared to school # 2 (108.86 ± 25.04) (p =
0.004). Similarly, the mean concentration of PM 10 in school # 1 (60.22 
± 46.04) was significantly higher compared to school # 2 (27.38 ±
18.62) (p = 0.001). The concentration of Nitrogen dioxide (NO2) was 
11.32 ± 10.76, significantly higher in school #1 compared the school # 
2 (6.39 ± 3.52) (p = 0.001). Moreover, the concentration of Carbon 
Monoxide (CO) 7.32 ± 3.20 and Sulfur dioxide (SO2) 2.36 ± 1.38 in 
school # 1 was high compared to school # 2 Carbon Monoxide 6.62 ±
4.15 and Sulfur dioxide 2.33 ± 1.15 but did not significantly high. 
However, the overall concentration of “PM2.5, PM10, CO, NO2, O3, SO2,” 
was 35.00 ± 0.65 significantly higher in school # 1 compared to school 
# 2 (29.95 ± 0.32) (p = 0.001) (Table 1). 

3.2. Demographic variables of the students 

In this study, 300 students were enrolled, 150 (75 males and 75 fe-
males) from school # 1 located in a traffic-polluted area, and 150 stu-
dents (75 males and 75 females) from school # 2 located away from a 
traffic-polluted area. The study participants were recruited on the 
same age, gender, height, weight, BMI, ethnicity, health status, uniform 
educational and socioeconomic status. 

Table 2 demonstrates the demographic variables of the students 
belonging to School # 1 and School # 2. The mean age of the partici-
pants was 13.53 ± 1.20 years. The average age of students from school # 
1 was (n = 150, mean = 13.56; SD = 1.27), and mean age of students 
from school # 2 was (n = 150, mean = 13.50; SD = 1.17). A visual in-
spection of histograms for age (mean = 13.53; SD = 1.20) of students, 
normal Q-Q plots and the box plots showed the data of age in years were 
normally distributed for students at school # 1 and school # 2. 

The average height of students at school #1 (n = 150, mean =
161.32; SD = 9.62), and school # 2 was (n = 150, mean = 162.09; SD =
9.17). While the mean weight of students at school # 1 was (n = 150, 
mean = 62.50; SD = 121.33; and school # 2 was (n = 150, mean =
62.91; SD = 17.71). Moreover, the BMI of students at school # 1 was 
(mean = 23.79; SD = 6.72 and school # 2 was (mean = 23.91; SD =
6.39. The age, height, weight, and BMI matching of the students in both 
schools was non-significant. It shows that the students in both schools 
were very well-matched for age, gender, height, weight, and BMI 
(Table 2). 

3.3. Lung function test Parameters 

In this study, the ventilatory lung function test parameters were 
recorded including “Forced Vital Capacity (FVC); Forced Expiratory 
Volume in the first second (FEV1); Forced Expiratory Ratio (FEV1/FVC 
%); Forced Expiratory Flow 25 % (FEF 25 %); Forced Expiratory Flow 
50 % (FEF 50 %); Forced Expiratory Flow 75 % (FEF 75 %); and Peak 

Expiratory Flow Rate (PEFR)”. The Spirometer was calibrated daily, and 
the tests were performed as per ATS Guidelines. The results revealed that 
the mean values for PEFR 5.02 ± 1.79; FEF-50 % 3.31 ± 1.18; FEF-75 % 
1.66 ± 0.80 were significantly decreased among students studying in 
school # 1 compared to those studying in school # 2, PEFR 8.14 ± 15.08 
(p = 0.012); FEF-50 % 5.85 ± 6.21 (p = 0.001); and FEF-75 % 4.49 ±
6.87 (p = 0.001). However, there was no significant difference between 
FVC, FEV1, FEV1/FVC Ratio (%), and FEF-25 % between the groups 
(Table 3). 

4. Discussion 

Environmental pollution has been a global public health challenge of 
the 21st century. Rapid urbanization, industrialization and the rising 
number of motor vehicles are the leading causes of environmental 
pollution [Meo et al., 2019]. The various air pollutants produced by 
industries and motor vehicles contaminate the atmosphere and damage 
the lungs (Fig. 1). These pollutants include PM2.5, PM10, CO, NO2, and 
VOCs. Among all the body systems the respiratory system is the most 
vulnerable body systems to environmental pollution. This study in-
vestigates the effect of PM2.5, PM10, CO, NO2, SO2, and O3 on lung 
functions in students studying in schools located in motor vehicle-allied 
air-polluted areas. Lung function plays a major role in the diagnosis and 
management of respiratory diseases and serves as a vital indicator of 
overall well-being. The assessment of lung functions provides valuable 
information for diagnosing, monitoring, and managing a wide range of 
respiratory conditions. 

(Meo et al., 2019) performed a pilot study and investigated the effect 
of motor vehicle pollution on lung function and found that FVC and 
FEV1 were decreased due to traffic-allied air pollution. (Zhang et al., 
2023) determined the acute impact of exposure to polycyclic aromatic 
hydrocarbons (PAHs) on the respiratory system in fourteen healthy fe-
males working in an office. The authors found that PAH levels were 
more in winter weather than in the summer and autumn. These 
pollutant exposures showed a relationship with reduced lung functions. 

(Zhou et al., 2022) examined the relationship between PM2.5 and 
lung function among children in China. There was a significant negative 
relationship between PM2.5 and lung functions, FVC, FEV1, and PEF in 
children with asthma. Another study (Yang et al., 2021) investigated the 
impact of prolonged exposure to PM2.5 on lung functions in China. This 
study provides reasoning and confirms that prolonged exposure to 
ambient PM2.5, organic matter, and nitrate were linked with decreased 
large and small airway function. 

Similarly, (Suhaimi et al., 2022) determined the relationship be-
tween traffic-related air pollution (TRAP) and respiratory health among 
children in high and low-traffic areas. It was identified that children 
exposed to an elevated level of TRAP have an increased risk of impaired 
lung functions. In another study, (Suhaimi et al., 2023) conducted an 
interesting study in Malaysia and determined the association between 
exposure to TRAP and respiratory health effects. The air pollutant, 
PM2.5 is the leading air pollutant which influences respiratory features 
and lung function. It was also found that school children’s exposure to 
high TRAP increases the risk of lung function reduction. The findings of 
these studies conducted by (Suhaimi et al., 2022; Suhaimi et al., 2022) 
are in agreement with the present study findings that environmental air 
pollutants negatively affect lung functions. 

The present study investigated the impact of air pollution on lung 
function among school adolescents. It was identified that environmental 
pollutants PM2.5, PM10, NO2, and O3, were significantly higher in a 
school located near a motor vehicle area compared to a school situated 
away from a traffic-congested area. It was found that motor vehicle- 
allied environmental pollutants cause reduced lung function with pe-
ripheral airway lung impairment among the students studying in a 
school located in an air-polluted area compared to the students who 
study in a school situated away from the polluted areas. In short, the 
present study findings suggested that exposure to air pollution reduced 

Table 1 
Environmental pollutant levels in a school situated in a motor vehicle polluted 
area compared to a school situated away from the motor vehicle polluted area.  

Pollutants (24 hs/ 
average) 

School # 1 School #2 Significance 
level 

Particulate Matter PM2.5 

μg/m3 
110.64 ±
33.61 

108.86 ±
25.04  

0.004 

Particulate Matter PM10 

μg/m3 
60.22 ±
46.04 

27.38 ±
18.62  

0.001 

Carbon Monoxide (CO) 
ppm 

7.32 ± 3.20 6.62 ± 4.15  0.394 

Nitrogen dioxide (NO2) DU 11.32 ±
10.76 

6.39 ± 3.52  0.001 

Ozone O3 (DU) 18.11 ± 6.84 28.09 ±
16.65  

0.001 

Sulfur dioxide (SO2) DU 2.36 ± 1.38 2.33 ± 1.15  0.548 
Total air pollutants 35.00 ± 0.65 29.95 ± 0.32  0.001  
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lung function with peripheral airway lung impairment, with the most 
probable mechanisms involved being airway inflammation and airway 
wall remodelling. This study provides an insight into the effects induced 
by exposure to air pollutants associated with underlying mechanisms in 
lung function impairment. 

4.1. Potential Mechanism: How does particle pollution impair lung 
functions 

The air pollutants particulate matter less than PM2.5 μg can enter the 
respiratory system, cross the conducting zone, deposit deep into the 
lungs and induce inflammation. Airway inflammation enhances airway 
responsiveness to air particle pollution and reduces lung function 
through bronchoconstriction. Moreover, air pollution allied with 
inflammation damages the alveolar-capillary barrier and disturbs the 
physiological balance between inflammatory conditions and the repair 
of anti-inflammatory defences. Environmental air pollution may affect 
the permanence or progression of these conditions through inflamma-
tory effects in the respiratory tree and develop chronic respiratory 
conditions including chronic obstructive lung diseases (Zhao et al., 
2019; Wang and Liu, 2023). 

4.2. Study strengths and limitations 

This study has some strengths and limitations. This study investi-
gated the environmental pollution impact on lung functions among 
school adolescents studying in schools located near and away from 
motor vehicle air-polluted areas. The mean concentration of environ-
mental pollutants PM2.5, PM10, CO, NO2, SO2, and O3 were recorded 
during the study period. The study findings are based on these common 
air pollutants, the students were matched for age, height, weight, BMI, 
and socioeconomic levels as lung functions depend on these 

Table 2 
The age, height, weight, and BMI of students (n = 300).  

Variable School (n = 150 in each school) Mean SD Minimum Maximum Significance level 

Age (years) School # 1 students  13.56  1.27  11.0  17.0 NS  
School # 2 students  13.50  1.17  11.0  16.0 

Height (cm) School # 1 students  161.32  9.62  143.0  183.0 NS  
School #2 students  162.09  9.17  143.50  182.0 

Weight (kg) School #1 students  62.50  21.33  29.0  140.0 NS  
School # 2 students  62.91  17.71  31.0  130.0 

BMI kg/m)2 School #1 students  23.79  6.72  12.00  46.40 NS  
School #2 students  23.91  6.39  12.90  46.12 

NS = non-significant. 

Table 3 
Lung function parameters comparison between students studying in a school 
located in polluted areas compared to students studying in a school located away 
from polluted areas.  

Parameters School Descriptive t-test of equality of Variances 
Mean SD T Df Mean 

D 
Sig. 

FVC (L) 1  3.96  1.30 1.65 298 0.234 0.100 
2  3.72  1.15 

FEV1 (L/Sec) 1  3.05  0.81 0.964 298 0.094 0.336 
2  2.96  0.89 

FEV1/FVC 
Ratio (%) 

1  77.24  13.91 0.478 298 0.914 0.633 
2  76.32  18.83 

PEFR (L/Sec) 1  5.02  1.79 2.51 298 3.11 0.012 
2  8.14  15.08 

FEF-25 % (L/ 
Sec) 

1  4.60  1.64 0.534 298 0.096 0.594 
2  4.70  1.47 

FEF-50 % (L/ 
Sec) 

1  3.31  1.18 4.90 298 2.53 0.001 
2  5.85  6.21 

FEF-75 % (L/ 
Sec) 

1  1.66  0.804 4.99 298 2.82 0.001 
2  4.49  6.87  

Fig. 1. Environmental pollutants entry into the lungs and pathophysiology.  
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physiological parameters. There is a rare matching in the studies and 
investigation of the main air pollutants. The limitation is that the due to 
COVID-19 pandemic and lockdown public activities were restricted 
there was a reduction in air pollution because of decreased industrial, 
economic activities, fewer vehicles on roads, and decreased energy 
consumption, reduced traffic emissions. These factors collectively led to 
improvement in air quality and a reduction in air pollution levels during 
the lockdown periods worldwide. This may hence be not an actual 
reflection of the magnitude of the impact of these pollutants as produced 
during normal traffic operations. 

5. Conclusions 

Environmental pollution concentration was significantly higher in 
motor vehicle-congested areas compared to areas away from motor 
vehicle-congested areas. The lung function parameters “Forced Expira-
tory Flow 50 % (FEF-50 %), Forced Expiratory Flow 75 % (FEF-75 %), 
and Peak Expiratory Flow Rate” (PEFR) were significantly reduced 
among students studying in schools located in motor vehicle-polluted 
areas compared to those students studying in schools located away 
from vehicle-congested areas. The results further revealed that air 
pollution causes a decline in lung function with most probably 
obstructive pattern and peripheral air lung involvement. To combat this 
issue, it is crucial to implement effective mitigation strategies, as well as 
promote sustainable and environmentally friendly transportation op-
tions. Continued research and collaboration between policymakers, re-
searchers, and the automotive industry are essential for developing 
innovative solutions to reduce motor vehicle emissions. 

Ethical Statement 

“Ethical approval was obtained from the Institutional Review Board, 
College of Medicine, King Saud University, Riyadh,” KSA (Ref # 21/ 
01099/IRB). 

Funding 

“National Plan for Science and Technology and Innovation (MAAR-
IFAH), King Abdulaziz City for Science and Technology, Kingdom of 
Saudi Arabia (Award # 13 MED 1948–02)”. 

CRediT authorship contribution statement 

Sultan Ayoub Meo: Writing – review & editing, Project adminis-
tration, Conceptualization. Mustafa A Salih: . Joud Mohammed 
Alkhalifah: Validation, Investigation, Formal analysis, Data curation. 
Abdulaziz Hassan Alsomali: Validation, Investigation, Formal anal-
ysis, Data curation. Abdullah Abdulrahman Almushawah: Visualiza-
tion, Validation, Formal analysis, Data curation. 

Acknowledgements 

The authors are thankful to the “National Plan for Science and 
Technology and Innovation (MAARIFAH), King Abdulaziz City for Sci-
ence and Technology, Kingdom of Saudi Arabia for supporting the 

research project (Award # 13 MED 1948-02)”. We also thank Ms Amal 
Salim A Fadak, National Center for Environmental Compliance (NCEC), 
Riyadh, Saudi Arabia for her help in data collection. 

References 

Air Quality in Riyadh. Available at: https://www. iqair.com/sa/saudi-arabia/ar-riyad/ 
riyadh. Cited Dated March 2021 to July 2022. 

Deng, Y., Wang, J., Sun, L., Wang, Y., Chen, J., Zhao, Z., Wang, T., Xiang, Y., Wang, Y., 
Chen, J., He, M., 2023. Effects of ambient O3 on respiratory mortality, especially the 
combined effects of PM2.5 and O3. Toxics. 11 (11), 892. https://doi.org/10.3390/ 
toxics11110892. 

Lin, Y.C., Li, Y.C., Shangdiar, S., Chou, F.C., Sheu, Y.T., Cheng, P.C., 2019. Assessment of 
PM2.5 and PAH content in PM2.5 emitted from mobile source gasoline-fueled 
vehicles in concomitant with the vehicle model and mileages. Chemosphere 226, 
502–508. 

Manisalidis, I., Stavropoulou, E., Stavropoulos, A., Bezirtzoglou, E., 2020. Environmental 
and health impacts of air pollution: a review. Front. Public Health 20 (8), 14. 
https://doi.org/10.3389/fpubh.2020.00014. 

Meo, S.A., Memon, A.N., Sheikh, S.A., Rouq, F.A., Usmani, A.M., Hassan, A., Arian, S.A., 
2015. Effect of environmental air pollution on type 2 diabetes mellitus. Eur. Rev. 
Med. Pharmacol. Sci. 19 (1), 123–128. 

Meo, S.A., Aldeghaither, M., Alnaeem, K.A., Alabdullatif, F.S., Alzamil, A.F., 
Alshunaifi, A.I., Alfayez, A.S., Almahmoud, M., Meo, A.S., El-Mubarak, A.H., 2019. 
Effect of motor vehicle pollution on lung function, fractional exhaled nitric oxide, 
and cognitive function among school adolescents. Eur. Rev. Med. Pharmacol. Sci. 23 
(19), 8678–8686. https://doi.org/10.26355/eurrev_201910_19185. 

Rajagopalan, S., Al-Kindi, S.G., Brook, R.D., 2018. Air Pollution and cardiovascular 
disease: JACC state-of-the-art review. J. Am. Coll. Cardiol. 72 (17), 2054–2070. 

Shehata, S.A., Toraih, E.A., Ismail, E.A., Hagras, A.M., Elmorsy, E., Fawzy, M.S., 2023. 
Vaping, environmental toxicants exposure, and lung cancer risk. Cancers (basel). 15 
(18), 4525. 

Su, H.H., Cheng, C.M., Yang, Y.N., Chang, Y.W., Li, C.Y., Wu, S.T., Lin, C.C., Wu, H.E., 
Suen, J.L., 2023. Acrylamide, an air pollutant, enhances allergen-induced 
eosinophilic lung inflammation via group 2 innate lymphoid cells. Mucosal 
Immunol. (23) S1933–0219 00073 00079.  

Suhaimi, N.F., Jalaludin, J., Mohd Juhari, M.A., 2022. The impact of traffic-related air 
pollution on lung function status and respiratory symptoms among children in Klang 
Valley. Malaysia. Int. J. Environ. Health Res. 32 (3), 535–546. https://doi.org/ 
10.1080/09603123.2020.1784397. 

Suhaimi, N.F., Jalaludin, J., Roslan, N.I.S., 2023. Traffic-Related Air Pollution (TRAP) 
about respiratory symptoms and lung function of school-aged children in Kuala 
Lumpur. Int. J. Environ. Health Res. 1–13. https://doi.org/10.1080/ 
09603123.2023.2211020. 

Wang, Q., Liu, S., 2023. The Effects and Pathogenesis of PM2.5 and its components on 
chronic obstructive pulmonary disease. Int. J. Chron. Obstruct. Pulmon. Dis. 18, 
493–506. 

World Health Organization (WHO). Air quality and Health. Types of pollutants. 
Available at: https://www.who.int/teams/environment-climate-change-and-health/ 
air-quality-and-health/health-impacts/types-of-pollutants. 2023. 

Yang, T., Chen, R., Gu, X., Xu, J., Yang, L., Zhao, J., et al., 2021. China pulmonary health 
study group. association of fine particulate matter air pollution and its constituents 
with lung function: the China pulmonary health study. Environ. Int. 156, 106707. 

Yuan, A., Halabicky, O., Rao, H., Liu, J., 2023. Lifetime air pollution exposure, cognitive 
deficits, and brain imaging outcomes: a systematic review. Neurotoxicology 96, 
69–80. 

Zhang, H., Wang, Q., He, S., Wu, K., Ren, M., Dong, H., Di, J., Yu, Z., Huang, C., 2020. 
Ambient air pollution and gestational diabetes mellitus: a review of evidence from 
biological mechanisms to population epidemiology. Sci. Total Environ. 719, 137349 
https://doi.org/10.1016/j.scitotenv.2020.137349. 

Zhang, X., Zhang, H., Wang, Y., Bai, P., Zhang, L., Wei, Y., Tang, N., 2023. Personal 
PM2.5-bound PAH exposure and lung function in healthy office workers: a pilot 
study in Beijing and Baoding, China. J. Environ. Sci. (china) 133, 48–59. 

Zhao, J., Li, M., Wang, Z., Chen, J., Zhao, J., Xu, Y., Wei, X., Wang, J., Xie, J., 2019. Role 
of PM2.5 in the development and progression of COPD and its mechanisms. Respir. 
Res. 20 (1), 120. https://doi.org/10.1186/s12931-019-1081-3. 

Zhou, J., Lei, R., Xu, J., Peng, L., Ye, X., Yang, D., Yang, S., Yin, Y., Zhang, R., 2022. The 
effects of short-term PM2.5 exposure on pulmonary function among children with 
asthma-a panel study in Shanghai, China. Int. J. Environ. Res. Public Health 19 (18), 
11385. 

S.A. Meo et al.                                                                                                                                                                                                                                  

https://doi.org/10.3390/toxics11110892
https://doi.org/10.3390/toxics11110892
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0015
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0015
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0015
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0015
https://doi.org/10.3389/fpubh.2020.00014
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0025
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0025
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0025
https://doi.org/10.26355/eurrev_201910_19185
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0035
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0035
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0040
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0040
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0040
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0045
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0045
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0045
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0045
https://doi.org/10.1080/09603123.2020.1784397
https://doi.org/10.1080/09603123.2020.1784397
https://doi.org/10.1080/09603123.2023.2211020
https://doi.org/10.1080/09603123.2023.2211020
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0060
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0060
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0060
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0070
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0070
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0070
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0075
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0075
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0075
https://doi.org/10.1016/j.scitotenv.2020.137349
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0085
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0085
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0085
https://doi.org/10.1186/s12931-019-1081-3
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0095
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0095
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0095
http://refhub.elsevier.com/S1018-3647(24)00192-7/h0095

	Environmental pollutants particulate matter (PM2.5, PM10), Carbon Monoxide (CO), Nitrogen dioxide (NO2), Sulfur dioxide (SO ...
	1 Introduction
	2 Subjects and Methods
	2.1 Selection of schools
	2.2 Selection of students
	2.3 Exclusion criteria
	2.4 Measurements of air pollutants
	2.5 Lung function test [spirometry]
	2.6 Statistical analysis

	3 Results
	3.1 Environmental pollutants in school localities
	3.2 Demographic variables of the students
	3.3 Lung function test Parameters

	4 Discussion
	4.1 Potential Mechanism: How does particle pollution impair lung functions
	4.2 Study strengths and limitations

	5 Conclusions
	Ethical Statement
	Funding
	CRediT authorship contribution statement
	Acknowledgements
	References


