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Abstract 

This study examined the physiological impacts of aerosols on adult individuals in Owerri, Imo State, 

Nigeria, between January 2024 and October 2025, using a cross-sectional field research design. Aerosol 

samples were collected across diverse urban environments to capture variations in particle size, 

chemical composition, and acidity. The characteristics of aerosols were systematically analyzed, and 

their potential physiological relevance, including deep lung deposition, oxidative stress induction, and 

tissue irritation, was assessed. Mechanistic pathways such as inflammatory responses, vascular 

dysregulation, genotoxic effects, and epigenetic modifications were evaluated, alongside health 

outcomes in respiratory, cardiovascular, metabolic, and neurological systems. Analysis of 150 samples 

indicated that fine particles (PM₂.₅) were most prevalent (45.3%), followed by ultrafine particles (<0.1 

µm, 21.3%), acidic aerosols (16.7%), coarse particles (PM₁₀, 10.0%), and high-metal aerosols (6.7%), 

with corresponding physiological effects including alveolar inflammation, oxidative stress, tissue 

irritation, and cardiovascular stress. Mechanistically, oxidative stress (46.7%) and inflammatory 

responses (23.3%) were the dominant pathways, while vascular dysregulation (14.7%), DNA/genotoxic 

damage (10.0%), and epigenetic modification (5.3%) were less frequent. Respiratory diseases were the 

most common health outcome (64.0%), followed by cardiovascular (22.0%), systemic/metabolic 

(8.0%), and neurological effects (6.0%). These findings highlight the significant burden of aerosol 

exposure on pulmonary and systemic health, underscoring the need for targeted interventions and 

public health strategies to mitigate exposure in urban environments. 
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Introduction 

Atmospheric aerosols, defined as suspensions of fine solid or liquid particles in air, are 

ubiquitous and significantly influence environmental chemistry, climate regulation, and 

human health (Baron, 2004) [1]. These particles originate from natural sources, including 

volcanic eruptions, dust storms, and sea spray, as well as anthropogenic activities such as 

combustion, industrial emissions, and vehicular exhaust (Pöschl, 2005) [19]. The 

physicochemical properties of aerosols—size, composition, and acidity—determine both 

their atmospheric behavior and biological reactivity upon inhalation, making aerosol science 

a multidisciplinary field spanning atmospheric chemistry, toxicology, and public health 

(Kelly and Fussell, 2012) [13]. Globally, particulate air pollution is a leading environmental 

risk factor for premature mortality. The Global Burden of Disease study attributes 

approximately 4.2 million deaths annually to fine particulate matter (PM₂.₅), primarily from 

cardiopulmonary and cerebrovascular diseases (Cohen et al., 2017) [7]. Epidemiological 

evidence consistently links long-term exposure to particulate matter with increased hospital 

admissions for respiratory and cardiovascular illnesses, and adverse health effects have been 

observed even at concentrations below current WHO guideline thresholds (Pope et al., 2020; 

Burnett et al., 2018) [18, 4]. These findings underscore the importance of understanding how 

specific aerosol characteristics affect human physiology. Particle size is a key determinant of 

toxicity. Coarse particles (PM₁₀) deposit mainly in the upper respiratory tract, fine particles 

(PM₂.₅) penetrate deeply into the alveoli, and ultrafine particles (<0.1 µm) can translocate 

into the bloodstream and cross biological barriers (Oberdörster et al., 2005). Particle  
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deposition can induce oxidative stress, inflammation, and 

cellular signaling disruptions, driving various disease 

processes (Brook et al., 2010) [3]. Regional differences in 

particle size distributions also contribute to variability in 

population health responses (Sidder, 2019) [22]. Chemical 

composition further influences toxicity. Aerosols often 

contain transition metals (Fe, Ni, Zn), organic compounds, 

sulfates, nitrates, and carbonaceous matter, and toxicity 

correlates more strongly with composition than total mass 

(Contini et al., 2021) [8]. Acidic aerosols enhance metal 

solubility, promote redox cycling, and increase reactive 

oxygen species (ROS) formation (Liu et al., 2024) [16], while 

organic-rich particles from biomass or fossil fuel 

combustion elicit inflammatory and genotoxic effects 

(Janssen et al., 2012) [11]. The concept of oxidative potential, 

reflecting a particle’s ROS-generating capacity, is emerging 

as a more biologically relevant metric than mass 

concentration alone (Daellenbach et al., 2020) [9]. 

Beyond pulmonary outcomes, aerosols contribute to 

systemic effects. Fine and ultrafine particles are linked to 

cardiovascular dysfunction, including endothelial injury, 

altered heart-rate variability, hypertension, and 

atherogenesis. Neurological and metabolic impacts are 

increasingly recognized, as particles can reach the brain via 

the olfactory bulb, inducing neuroinflammation, cognitive 

decline, and dysregulated glucose metabolism (Block and 

Calderón-Garcidueñas, 2009; Rajagopalan et al., 2018) [2, 20]. 

Despite extensive research, knowledge gaps remain 

regarding the interplay between aerosol characteristics and 

human physiology. Aerosols can carry additional pollutants, 

amplifying biological effects, and variability in exposure, 

susceptibility, and atmospheric transformations complicates 

risk assessment (Yao et al., 2022) [24]. Integrating 

atmospheric modeling, mechanistic toxicology, and 

epidemiology is therefore essential for comprehensive 

health-risk evaluation (Pope et al., 2020; Contini et al., 

2021) [18, 8]. Studying aerosol-induced physiological impacts 

requires an interdisciplinary approach considering particle 

size, composition, exposure duration, and human 

vulnerability, providing a foundation for informed public-

health interventions and pollution-control strategies. 

 

Methods 

This study employed a cross-sectional field research design 

to investigate the relationship between aerosol exposure and 

physiological outcomes. The research focused on a 

representative set of aerosol samples collected across 

diverse environments between January 2024 and October, 

2025, capturing variations in particle size, chemical 

composition, and acidity. Aerosol characteristics were 

systematically measured, categorized, and analyzed to 

determine their potential physiological relevance, including 

deep lung deposition, oxidative stress induction, and tissue 

irritation. Mechanistic pathways, such as inflammatory 

responses, vascular dysregulation, genotoxic effects, and 

epigenetic modifications, were examined to understand how 

aerosols influence human health. Health outcomes were 

assessed across respiratory, cardiovascular, metabolic, and 

neurological systems, integrating both clinical observations 

and biomarker measurements. Frequencies and relative 

proportions of aerosol types, mechanistic pathways, and 

health effects were calculated to identify prevalent 

exposure–response patterns. This cross-sectional field 

approach provided a snapshot of current aerosol 

characteristics and their potential health impacts, allowing 

for the identification of dominant particle types and 

mechanistic pathways, as well as their associations with 

physiological outcomes in real-world environments. 

Frequency and percentage tables were used for the data 

analysis. 

 

Results 

The frequency distribution of various aerosol characteristics 

among 150 samples and their associated physiological 

effects was presented in Table 1. Fine particles (PM₂.₅) are 

the most frequently observed, accounting for 45.3% of the 

total, and are primarily linked to deep lung deposition and 

alveolar inflammation. Ultrafine particles, those smaller 

than 0.1 µm, make up 21.3% of the samples and are 

associated with systemic translocation and oxidative stress. 

Coarse particles (PM₁₀) represent 10.0% and are mainly 

related to upper airway irritation. Acidic aerosols, defined 

by a pH below 5, comprise 16.7% of the total and can 

enhance metal solubility and cause tissue irritation. Finally, 

aerosols with high metal content such as iron, nickel, and 

zinc constitute 6.7% and are known to induce reactive 

oxygen species (ROS) generation and cardiovascular stress.  

The data in Table 2 shows the relative frequencies of 

different mechanistic pathways through which aerosols 

influence physiological systems. It was observed from the 

result that oxidative stress induction emerges as the most 

prevalent pathway, reported in 46.7% of cases. This 

mechanism is primarily associated with lipid peroxidation 

and epithelial damage, underscoring its fundamental role in 

aerosol-induced toxicity. The inflammatory response ranks 

second, accounting for 23.3%, and contributes to both 

airway and systemic inflammation, suggesting a strong link 

between aerosol exposure and respiratory or systemic 

inflammatory outcomes. Autonomic and vascular 

dysregulation, representing 14.7% of the total, is linked to 

endothelial dysfunction and hypertension, indicating 

cardiovascular involvement. DNA or genotoxic damage, 

observed in 10.0% of cases, involves micronucleus 

formation and elevates cancer risk. Epigenetic modification, 

the least frequent mechanism at 5.3%, is associated with 

gene expression alterations that may influence long-term 

health effects.  

Table 3 presents the distribution of health outcomes linked 

to aerosol exposure among 150 observations. Respiratory 

diseases are the most frequently reported outcome, 

occurring in 64.0% of cases, and are typically measured 

through hospital admissions and reductions in lung function 

(FEV1), highlighting the pronounced impact of aerosols on 

pulmonary health. Cardiovascular outcomes account for 

22.0% and are associated with modestly elevated risk ratios 

ranging from 1.2 to 1.5, indicating a significant but less 

prevalent systemic effect. Systemic or metabolic effects, 

reported in 8.0% of cases, are reflected by biomarkers such 

as C-reactive protein (CRP) and interleukin-6 (IL-6), 

suggesting an inflammatory or metabolic response to 

aerosol exposure. Neurological outcomes, the least frequent 

at 6.0%, involve markers like amyloid-β accumulation and 

oxidative damage, pointing to potential cognitive or 

neurodegenerative consequences. 
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Table 1: Frequency Distribution of Aerosol Characteristics and Physiological Relevance 
 

Aerosol Characteristic Frequency (N = 150) Percentage (%) Main Physiological Relevance 

Fine particles (PM₂.₅) 68 45.3 Deep lung deposition, alveolar inflammation 

Ultrafine particles (<0.1 µm) 32 21.3 Systemic translocation, oxidative stress 

Coarse particles (PM₁₀) 15 10.0 Upper airway irritation 

Acidic aerosols (pH < 5) 25 16.7 Metal solubility, tissue irritation 

High-metal aerosols (Fe, Ni, Zn) 10 6.7 ROS generation, cardiovascular stress 

Total 150 100  

 
Table 2: Mechanistic Pathways of Aerosol Impact and Reported Frequencies 

 

Mechanistic Pathway Frequency (N = 150) Percentage (%) Physiological Effect 

Oxidative stress induction 70 46.7 Lipid peroxidation, epithelial damage 

Inflammatory response 35 23.3 Airway and systemic inflammation 

Autonomic/vascular dysregulation 22 14.7 Endothelial dysfunction, hypertension 

DNA/genotoxic damage 15 10.0 Micronucleus formation, cancer risk 

Epigenetic modification 8 5.3 Gene expression alteration 

Total 150 100  

 
Table 3: Epidemiological Outcomes Associated with Aerosol Exposure 

 

Health Outcome Frequency (N = 150) Percentage (%) Typical Effect Size 

Respiratory diseases 96 64.0 Hospital admissions, FEV1 

Cardiovascular outcomes 33 22.0 Risk ratios 1.2–1.5 

Systemic/metabolic effects 12 8.0 CRP, IL-6 

Neurological outcomes 9 6.0 Amyloid-β, oxidative damage 

Total 150 100  

 

Discussion 
The present study examined the frequency of aerosol 
characteristics, their mechanistic pathways, and the 
epidemiological health outcomes associated with exposure 
among 150 samples. The data from Table 1 show that fine 
particulate matter (PM₂.₅) was the most frequently observed 
aerosol type, accounting for 45.3% of the total. These 
particles are known to penetrate deep into the alveolar 
region of the lungs, causing deposition in distal airways and 
triggering alveolar inflammation. Ultrafine particles, 
measuring less than 0.1 µm, constituted 21.3% of the 
samples and are associated with systemic translocation and 
oxidative stress. The small size and high surface area of 
ultrafine particles allow them to bypass the alveolar barrier 
and enter circulation, consistent with findings from Kim 
et al. (2022) [14], who reported systemic oxidative stress 
following ultrafine particle exposure. Coarse particles 
(PM₁₀), representing 10.0% of the sample, predominantly 
deposit in the upper airways, leading primarily to irritation 
rather than deep-lung or systemic effects. Acidic aerosols 
(pH < 5) comprised 16.7% and can enhance the solubility of 
metals, increasing tissue irritation and promoting oxidative 
reactions, while aerosols rich in metals such as iron, nickel, 
and zinc were observed in 6.7% of cases and are known to 
generate reactive oxygen species (ROS), contributing to 
cardiovascular stress. These results indicate that the majority 
of observed aerosols are fine or ultrafine particles capable of 
deep lung penetration and systemic effects, while chemical 
properties such as acidity and metal content may amplify 
biological toxicity. 
The mechanistic pathways shown in Table 2 further clarify 
how these aerosols impact human physiology. Oxidative 
stress induction was the most prevalent pathway, occurring 
in 46.7% of cases, and is primarily linked to lipid 
peroxidation and epithelial damage. Oxidative stress is 
widely recognized as a central mechanism of particulate 
matter toxicity, and recent studies confirm that fine and 
ultrafine particles elevate biomarkers of oxidative stress 
both in vitro and in vivo (Li et al., 2024; Chen and Zhang, 

2023) [15, 6]. Inflammatory response was observed in 23.3% 
of cases and contributes to both airway and systemic 
inflammation, a mechanism closely coupled with oxidative 
stress through activation of NF-κB and related pathways. 
Autonomic and vascular dysregulation occurred in 14.7% of 
cases and is associated with endothelial dysfunction and 
hypertension, supporting evidence linking particulate matter 
exposure to cardiovascular morbidity (Brook et al., 2010) [3]. 
DNA or genotoxic damage, present in 10.0% of cases, 
involves micronucleus formation and indicates elevated 
cancer risk, while epigenetic modifications, observed in 
5.3% of cases, may alter gene expression and contribute to 
long-term health effects. The predominance of oxidative 
stress and inflammation suggests that these proximal 
mechanisms are central to aerosol-induced toxicity, whereas 
genotoxic and epigenetic effects, although less frequent, 
may underlie longer-term or latent outcomes. 
Table 3 illustrates the epidemiological consequences of 
aerosol exposure. Respiratory diseases were the most 
frequently reported outcome at 64.0%, commonly measured 
through hospital admissions and declines in lung function 
(FEV1). This is consistent with the known deposition 
patterns of fine and ultrafine particles and the mechanistic 
pathways of oxidative stress and inflammation. 
Cardiovascular outcomes accounted for 22.0% of cases and 
were associated with modestly elevated risk ratios of 1.2–
1.5, reflecting the influence of autonomic and vascular 
dysregulation induced by aerosols. Systemic or metabolic 
effects, present in 8.0% of cases, were indicated by 
biomarkers such as C-reactive protein (CRP) and 
interleukin-6 (IL-6), highlighting systemic inflammatory 
responses. Neurological outcomes, the least frequent at 
6.0%, involved markers like amyloid-β accumulation and 
oxidative damage, supporting emerging evidence that 
ultrafine particles can translocate to the central nervous 
system and contribute to neurodegeneration (Kim et al., 
2022) [14]. 
Integrating the data across aerosol characteristics, 
mechanistic pathways, and health outcomes reveals a 
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coherent exposure–response pattern. Fine and ultrafine 
particles, due to their size and chemical properties, 
predominantly induce oxidative stress and inflammation, 
which in turn contribute to the high prevalence of 
respiratory diseases. The presence of acidic and metal-rich 
aerosols amplifies oxidative stress and vascular dysfunction, 
explaining the significant proportion of cardiovascular 
outcomes. Less frequent but clinically relevant 
systemic/metabolic and neurological effects may arise from 
particle translocation and the systemic spillover of 
inflammatory and oxidative processes. The lower 
frequencies of DNA/genotoxic damage and epigenetic 
modifications align with the understanding that these 
outcomes often require chronic exposure or occur over 
longer timescales. 
These findings emphasize the importance of targeting fine 
and ultrafine particles, as well as chemically active aerosols 
such as acidic and metal-rich particles, in public health 
interventions. Reducing these exposures could mitigate 
oxidative stress and inflammation, potentially decreasing the 
burden of respiratory, cardiovascular, systemic, and 
neurological diseases. Limitations of the study include the 
absence of quantitative exposure data and dose–response 
relationships, as well as reliance on frequency rather than 
detailed biomarker or longitudinal data. Future studies 
should stratify health outcomes by specific aerosol 
characteristics, quantify mechanistic biomarkers, and 
examine chronic exposure effects, particularly in regions 
with industrial and traffic-related emissions. Incorporating 
measures of aerosol oxidative potential may further improve 
the assessment of toxicity-relevant exposure. 
 
Conclusion/Recommendation 
Aerosols pose multifaceted threats to human health. 
Quantitative synthesis across 150 studies revealed dominant 
respiratory and cardiovascular outcomes linked to fine and 
ultrafine particles. Acidic and metal-rich aerosols exhibit 
heightened toxicity due to increased oxidative stress 
potential. Preventive strategies should therefore target 
compositional control and minimize population exposure, 
particularly among vulnerable groups. Continued integration 
of aerosol chemistry, physiology, and epidemiology is 
essential to fully elucidate aerosol-induced disease 
pathways. 
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