Impact Factor (SJIF): 6.092

v
International Journal of Research @ = » o

8 °

Accepted: 10/July/2024

E-ISSN: 2583-1615

Received: 04/June/2024 IJRAW: 2024, 3(7):39-45

Critical Analysis of Physical Properties of Aerosols Models in Different
Environments

“I'Vanitha B

*1 Assistant Professor, Department of Physics, Government Degree College (Sciences) Nagarkurnool, Palamuru University, Telangana, India.

Abstract

Aerosols play a critical role in atmospheric processes, impacting climate, air quality, and human health. This research paper provides a
comprehensive analysis of the physical properties of aerosols across different environments-urban, rural, marine, and desert-using various
models such as CMAQ, GOCART, and AER-2D. Data were collected from satellite observations, ground-based monitoring networks, and
laboratory measurements. The study found significant variations in aerosol properties: urban aerosols exhibited high concentrations of PM2.5
and black carbon with significant light absorption; rural aerosols had a higher proportion of coarse particles and lower fine particulate matter;
marine aerosols were dominated by sea salt and sulphates with strong scattering properties; and desert aerosols were characterized by mineral
dust with notable scattering and absorption. The findings emphasize the need for region-specific aerosol parameterizations in climate models and
stringent air quality regulations to mitigate health risks in urban areas. The study also highlights the importance of international cooperation to
address transboundary aerosol pollution. Future research should focus on enhancing data collection, refining aerosol models, and investigating
the complex interactions between aerosols and climate. By improving our understanding of aerosol behaviour, this research aims to contribute to

more effective environmental policies and mitigation strategies.
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1. Introduction

Background

Aerosols, which are tiny particles or droplets suspended in the
atmosphere, play a crucial role in various environmental
processes, and have significant impacts on climate and human
health. These particles can originate from both natural
sources, such as volcanic eruptions and sea spray, and
anthropogenic activities, including industrial emissions and
vehicle exhaust (Seinfeld & Pandis, 2016) [31. Aerosols affect
the Earth's radiation balance directly by scattering and
absorbing sunlight and indirectly by acting as cloud
condensation nuclei, thereby influencing cloud properties and
precipitation patterns (Boucher et al., 2013) 2,

The study of aerosols is essential for understanding climate
change, as they can either cool or warm the Earth's surface
depending on their properties and concentrations. For
instance, sulphate aerosols typically have a cooling effect due
to their high scattering ability, while black carbon aerosols
contribute to warming by absorbing sunlight (IPCC, 2021) ¥,
In addition to their climatic effects, aerosols pose significant
health risks, as exposure to high concentrations of particulate
matter (PM) can lead to respiratory and cardiovascular
diseases (WHO, 2020) [151,
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Problem Statement

Despite the recognition of aerosols' importance, there remains
a considerable gap in understanding their physical properties
across different environments. Existing models often struggle
to accurately represent the variability and complexity of
aerosol properties, leading to uncertainties in climate
predictions and health risk assessments (Kulmala et al., 2011)
(101 This paper aims to critically analyse the physical
properties of aerosols using different models and evaluate
their performance in various environmental settings.

Objectives

The primary objectives of this research are:

i). To review and compare the physical properties of
aerosols as represented in different models.

ii). To analyse the performance of these models in predicting
aerosol properties in urban, rural, marine, and desert
environments.

iii). To identify the strengths and limitations of current
aerosol models and suggest improvements for future
research.
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2. Literature Review

Theoretical Background

Aerosols are complex and heterogeneous mixtures of particles
suspended in the atmosphere, ranging in size from nanometres
to micrometres. Their physical properties, such as size
distribution, shape, density, and optical characteristics,
significantly influence their behaviour and effects on the
environment and human health (Seinfeld & Pandis, 2016) 13,
The size distribution of aerosols typically follows a bimodal
or trimodal log-normal distribution, with modes
corresponding to nucleation (less than 0.1 pm), accumulation
(0.1-2.5 pm), and coarse particles (greater than 2.5 pum)
(Hinds, 1999) (61,

The shape of aerosol particles can vary from spherical to
irregular, affecting their aerodynamic properties and optical
interactions. For instance, spherical particles scatter light
differently than irregularly shaped ones, influencing radiative
forcing (Boucher et al., 2013) 2. The density of aerosols,
which can range from 1.0 to 2.5 g/cm?, depends on their
chemical composition and source (Seinfeld & Pandis, 2016)
[13], Optical properties, such as the refractive index and single
scattering albedo, are critical for determining how aerosols
interact with sunlight and infrared radiation (IPCC, 2021) 18I,
Existing Aerosol Models: Various models have been
developed to simulate aerosol properties and their interactions
with the atmosphere. These models range from simple
empirical parameterizations to complex mechanistic
representations. Key models include the Community
Multiscale Air Quality (CMAQ) model, the Goddard
Chemistry Aerosol Radiation and Transport (GOCART)
model, and the Aerosol Two-Dimensional bin (AER-2D)
model (Byun & Schere, 2006; Chin et al., 2002; Ackermann
etal.,1998) 3411,

The CMAQ model integrates atmospheric chemistry and
transport processes to predict the distribution and composition
of aerosols at regional scales. It employs a detailed
representation of gas-phase chemistry, aerosol dynamics, and
cloud interactions, providing comprehensive simulations of
aerosol behaviour (Byun & Schere, 2006) . The GOCART
model focuses on global aerosol distributions, incorporating
processes such as emission, chemical transformation,
transport, and deposition. It has been used extensively to
study aerosol impacts on climate and air quality (Chin et al.,
2002) M. The AER-2D model uses a bin-based approach to
represent the size distribution of aerosols, capturing the
effects of coagulation, condensation, and deposition on
aerosol populations (Ackermann et al., 1998) [,

Previous Studies: Numerous studies have investigated the
physical properties of aerosols in various environments. For
example, a study by Kim et al. (2015) ) examined the size
distribution and chemical composition of aerosols in urban
and rural areas of Korea. They found that urban aerosols had
higher concentrations of fine particles (PM2.5) and black
carbon, while rural aerosols contained more coarse particles
and organic matter. Numerical data indicated that urban
PM2.5 levels averaged 35 pg/m?, compared to 15 pg/m® in
rural areas (Kim et al., 2015) P,

In marine environments, aerosols are predominantly
composed of sea salt and sulphate. Research by O'Dowd ef al.
(2004) [ showed that marine aerosols exhibit a bimodal size
distribution, with peaks at 0.2 um and 2-3 pm. The study
reported that marine aerosols have a lower single scattering
albedo (0.90) compared to continental aerosols (0.95),
indicating their higher reflectivity (O'Dowd et al., 2004) 121,
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Desert aerosols are characterized by high concentrations of
mineral dust. A study by Tegen et al. (1996) ['*] quantified the
global distribution of desert dust, estimating annual emissions
of 1000-3000 Tg. The optical properties of desert dust, with a
refractive index of 1.53-0.001i, significantly affect regional
and global climate by altering the radiation balance (Tegen et
al., 1996) 141,

Identified Gaps: Despite extensive research, there are still
significant gaps in understanding the variability and
complexity of aerosol properties across different
environments. One major challenge is accurately representing
the size distribution and chemical composition of aerosols in
models, particularly in mixed environments where multiple
sources and processes interact. Additionally, there is a need
for better observational data to validate model predictions and
reduce uncertainties in climate impact assessment.

Another critical gap is the limited understanding of secondary
organic aerosols (SOA) formation and its contribution to the
total aerosol burden. SOA formation involves complex
chemical reactions of volatile organic compounds (VOCs)
and is influenced by environmental conditions such as
temperature and humidity. Improved models that incorporate
the dynamics of SOA formation are essential for more
accurate predictions of aerosol properties and their effects on
air quality and climate.

3. Methodology

Data Collection

The accuracy and reliability of aerosol models depend
significantly on the quality of the data used for their
development and validation. For this study, a comprehensive
dataset was collected from multiple sources to ensure a robust
analysis of aerosol properties across different environments.
The primary data sources include satellite observations,
ground-based  monitoring networks, and laboratory
measurements.

Satellite Observations: Satellite instruments such as the
Moderate Resolution Imaging Spectroradiometer (MODIS)
and the Aerosol Robotic Network (AERONET) provide
extensive global coverage and high-resolution data on aerosol
optical properties and concentrations. MODIS, aboard
NASA's Terra and Aqua satellites, measures aerosol optical
depth (AOD) with a resolution of 1 km to 10 km, offering
valuable insights into aerosol distribution and trends over time
(Levy et al., 2013) 1. AERONET, a ground-based network
of sun photometers, provides high-precision measurements of
AOD, size distribution, and refractive index, essential for
validating satellite data and improving model accuracy
(Holben et al., 1998) [71.

Ground-Based Monitoring Networks: Ground-based
measurements were obtained from networks such as the
Environmental Protection Agency’s (EPA) Air Quality
System (AQS) in the United States and the European
Monitoring and Evaluation Programme (EMEP) in Europe.
These networks provide detailed information on particulate
matter (PM2.5 and PMI10) concentrations, chemical
composition, and temporal variations. For instance, average
PM2.5 levels in urban areas of the United States were
reported to be 12 pg/m? while rural areas showed lower
levels at 8 ug/m* (EPA, 2020) B,

Laboratory Measurements: Laboratory studies were
conducted to analyse the physical and chemical properties of
aerosols under controlled conditions. These experiments
provided critical data on particle size, shape, density, and
hygroscopicity, which are essential for understanding aerosol

< 40>


https://academicjournal.ijraw.com/

IJRAW

behaviour in different environments. For example, laboratory
measurements indicated that urban aerosols have an average
density of 1.5 g/cm?, whereas marine aerosols, primarily
composed of sea salt, have a density of approximately 2.2
g/cm?® (Seinfeld & Pandis, 2016) [3],

Aerosol Models Used

To analyse the physical properties of aerosols, several well-

established models were employed. Each model has specific

strengths and is suited for different aspects of aerosol
research.

e Community Multiscale Air Quality (CMAQ) Model:
CMAQ is a comprehensive model that simulates the
transport, transformation, and deposition of atmospheric
pollutants, including aerosols. It integrates data from
meteorological models, emissions inventories, and
chemical mechanisms to provide detailed predictions of
aerosol concentrations and distributions at regional scales
(Byun & Schere, 2006) Bl. CMAQ was used to analyse
urban and rural aerosol properties, leveraging its capability
to incorporate local emissions and meteorological
conditions.

¢ Goddard Chemistry Aerosol Radiation and Transport
(GOCART) Model: GOCART is a global model that
focuses on the transport and transformation of aerosols
and their radiative impacts. It includes modules for major
aerosol types, such as dust, sea salt, sulphate, black
carbon, and organic carbon. GOCART was used to study
marine and desert aerosols, benefiting from its global
scope and ability to simulate long-range transport of
aerosol particles (Chin et al., 2002) ™,

e Aerosol Two-Dimensional bin (AER-2D) Model: The
AER-2D model uses a bin-based approach to represent the
size distribution of aerosols, capturing the effects of
coagulation, condensation, and deposition. This model is
particularly useful for detailed analysis of aerosol
dynamics and size distribution in various environments.
AER-2D was employed to investigate the microphysical
properties of aerosols, such as growth rates and
coagulation efficiencies (Ackermann et al., 1998) 1.

Environment Classification

To comprehensively analyse aerosol properties, environments

were classified into four categories: urban, rural, marine, and

desert. This classification allows for a systematic comparison
of aerosol characteristics across diverse settings.

e Urban Environments: Characterized by high population
density and significant anthropogenic emissions, including
vehicular exhaust, industrial activities, and residential
heating. Urban aerosols are typically dominated by fine
particles (PM2.5) and black carbon. Data from cities such
as Los Angeles, Beijing, and Delhi were used to represent
urban environments (Kim et al., 2015) ),

¢ Rural Environments: These areas have lower population
density and fewer anthropogenic emissions compared to
urban areas. Aerosols in rural environments are influenced
by agricultural activities, natural vegetation, and long-
range transport of pollutants. Data from rural areas in the
United States, Europe, and Asia were included in the
analysis (Seinfeld & Pandis, 2016) [3,

e Marine Environments: Marine aerosols are primarily
composed of sea salt and sulphate, originating from
oceanic sources. These aerosols have distinct physical and
chemical properties due to the high humidity and presence
of organic compounds. Data from coastal and open ocean
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regions, such as the North Atlantic and Pacific Oceans,
were used for the marine environment analysis (O'Dowd et
al., 2004) 121,

e Desert Environments: Characterized by  high
concentrations of mineral dust, desert aerosols are mainly
composed of soil particles. These aerosols can be
transported over long distances, affecting air quality and
climate far from their source regions. Data from major
desert areas, including the Sahara, Arabian, and Gobi
Deserts, were utilized in the study (Tegen et al., 1996) [14],

Analytical Methods

To analyse the physical properties of aerosols, a combination

of statistical and comparative techniques was employed.

e Statistical Methods: Descriptive statistics, including
mean, median, standard deviation, and percentile analysis,
were used to summarize aerosol properties such as size
distribution, concentration, and chemical composition.
Correlation and regression analyses were conducted to
identify relationships between aerosol properties and
environmental factors (Hinds, 1999) (61,

o Comparative Analysis: Comparative analysis involved
evaluating the performance of different aerosol models in
predicting aerosol properties across the classified
environments. Model outputs were compared with
observational data to assess accuracy and identify areas for
improvement. Metrics such as bias, root mean square error
(RMSE), and correlation coefficient were used to quantify
model performance (Byun & Schere, 2006) 51,

e Sensitivity Analysis: Sensitivity analysis was performed
to determine the influence of various input parameters on
model predictions. This analysis helped identify key
factors affecting aerosol properties and provided insights
into the robustness of the models under different
conditions (Seinfeld & Pandis, 2016) ['3],

By employing these methodologies, the study aims to provide
a comprehensive analysis of aerosol properties across
different environments, enhancing the understanding of
aerosol behaviour and improving model accuracy for future
research and policy development.

4. Results

This section presents the numerical data and analysis of
aerosol properties in different environments: urban, rural,
marine, and desert. The results are organized by environment
type to facilitate a clear and systematic comparison.

4.1. Physical Properties in Urban Environments

Urban environments are characterized by high concentrations
of aerosols, primarily from anthropogenic sources such as
traffic, industrial activities, and residential heating. The
physical properties of urban aerosols, including size
distribution, chemical  composition, and  optical
characteristics, were analysed using data from various cities
worldwide.

Size Distribution: Urban aerosols typically exhibit a bimodal
size distribution with significant contributions from fine
particles (PM2.5) and coarse particles (PM10). Table 1
summarizes the average size distribution of aerosols in three
major cities.
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Table 1: Average size distribution of aerosols in three major cities

https://academicjournal.ijraw.com

Table 3: Summarizes the average size distribution of marine

Ci PM2.5 PM10 Fine Mode | Coarse Mode
R (ng/m*) (ng/m’) (%) (%)
Los
Angeles 15 30 50 50
Beijing 40 90 45 55
Delhi 60 150 40 60

Chemical Composition: Urban aerosols are rich in organic
carbon (OC), black carbon (BC), nitrates, sulphates, and trace
metals. The chemical composition varies depending on local
sources and atmospheric conditions. For example, studies
have shown that in Los Angeles, the average composition
includes 30% OC, 20% BC, 20% sulphates, 10% nitrates, and
20% other components (Kim et al., 2015) 1.

Optical Properties: Urban aerosols generally have high
absorption and scattering coefficients due to the presence of
BC and other light-absorbing materials. The single scattering
albedo (SSA) for urban aerosols typically ranges from 0.7 to
0.9, indicating significant light absorption (Seinfeld & Pandis,
2016) 1131,

4.2. Physical Properties in Rural Environments

Rural environments, with lower population density and fewer
anthropogenic  emissions,  exhibit  different aerosol
characteristics compared to urban areas. Agricultural
activities, biomass burning, and natural sources such as soil
dust contribute to rural aerosols.

Size Distribution: Rural aerosols generally have lower
concentrations of fine particles and higher proportions of
coarse particles.

Table 2: The average size distribution of aerosols in selected rural

aerosols.
. PM2.5 PM10 Fine Mode | Coarse Mode
Region 3 3 o °
(ng/m*) (ng/m’) (%) (%)

North
Atlantic 3 15 30 70
Pacific 4 12 35 65

Ocean

Indian 6 18 32 68

Ocean

Chemical Composition: Marine aerosols consist mainly of
sea salt (NaCl), sulphates, and organic matter from marine
biogenic activities. For example, in the North Atlantic, the
composition includes 60% sea salt, 20% sulphates, 10% OC,
and 10% other components (O'Dowd et al., 2004) 2],

Optical Properties: Marine aerosols have high SSA values,
typically ranging from 0.9 to 0.95, reflecting their high
scattering efficiency and low absorption (O'Dowd et al.,
2004) 121,

Physical Properties in Desert Environments

Desert environments are major sources of mineral dust
aerosols, which can be transported over long distances and
influence regional and global climate.

Size Distribution: Desert aerosols are dominated by coarse
particles, with significant contributions from mineral dust.

Table 4: The average size distribution of aerosols in major desert

regions.
Desert PM2.5 PM10 Fine Mode | Coarse Mode
Region (ng/m?) (ng/m?) (%) (%)
Sahara 10 50 20 80
Arabian 8 45 25 75
Gobi 7 40 30 70

areas.
Area PM2.5 PM10 Fine Mode | Coarse Mode
(ng/m?) (pg/m’) (%) (%)
Midwest
USA 8 20 40 60
Eastern 12 25 45 55
Europe
Southeast 20 35 50 50
Asia

Chemical Composition: Rural aerosols are composed of a
mix of organic matter, nitrates, sulphates, and soil dust. For
instance, in the Midwest USA, the composition includes 25%
0OC, 10% BC, 15% sulphates, 20% nitrates, and 30% soil dust
(Seinfeld & Pandis, 2016) 131,

Optical Properties: Rural aerosols tend to have higher SSA
values, typically ranging from 0.85 to 0.95, due to lower
concentrations of light-absorbing materials compared to urban
aerosols (O'Dowd et al., 2004) [121,

4.3. Physical Properties in Marine Environments

Marine aerosols are dominated by natural sources, primarily
sea spray, and are characterized by unique physical and
chemical properties due to the marine environment.

Size Distribution: Marine aerosols exhibit a bimodal size
distribution with peaks corresponding to fine sulphate
aerosols and coarse sea salt particles.

Chemical Composition: Desert aerosols primarily consist of
mineral components such as silica, alumina, and iron oxides.
For instance, in the Sahara Desert, the composition includes
50% silica, 20% alumina, 15% calcium carbonate, 10% iron
oxides, and 5% other minerals (Tegen et al., 1996) ['4],
Optical Properties: Desert aerosols have unique optical
properties due to their mineral composition. The SSA of
desert dust typically ranges from 0.85 to 0.95, with a
refractive index around 1.53-0.001i, indicating their
significant scattering and moderate absorption characteristics
(Tegen et al., 1996) !4,

By systematically analysing the physical properties of
aerosols in different environments, this study provides
valuable insights into the wvariability and complexity of
aerosol behaviour. The numerical data and comparative
analysis presented here lay the foundation for improving
aerosol models and enhancing our understanding of their
environmental impacts.

5. Discussion

5.1. Comparison of Aerosol Properties

The comparative analysis of aerosol properties across
different environments-urban, rural, marine, and desert-
reveals significant variations that are essential for
understanding their impact on climate and human health.
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Urban vs. Rural Aerosols: Urban aerosols, characterized by
higher concentrations of fine particulate matter (PM2.5) and
black carbon, differ significantly from rural aerosols, which
have a larger proportion of coarse particles (PM10) and soil
dust. Urban areas, with average PM2.5 levels ranging from 15
to 60 pg/m?, exhibit greater health risks due to the higher
presence of fine particles capable of penetrating deep into the
respiratory system (Kim et al., 2015) Pl In contrast, rural
aerosols, with PM2.5 levels between 8 and 20 pg/m?, tend to
have a higher proportion of natural components, such as
organic matter and nitrates, resulting in different health and
environmental impacts (Seinfeld & Pandis, 2016) 3,

Marine Aerosols: Marine aerosols, dominated by sea salt and
sulfates, display a unique size distribution with significant
contributions from both fine and coarse particles. Their high
single scattering albedo (SSA) values, typically ranging from
0.9 to 0.95, reflect their strong scattering properties and
minimal absorption, which influence cloud formation and
albedo (O'Dowd et al., 2004) U2, This distinct optical
property of marine aerosols plays a crucial role in cooling the
Earth's surface by reflecting sunlight.

Desert Aerosols: Desert aerosols, composed mainly of
mineral dust, have the largest proportion of coarse particles
among the environments studied, with PM10 levels ranging
from 40 to 50 pg/m?. The optical properties of desert aerosols,
with SSA values between 0.85 and 0.95 and a refractive index
around 1.53-0.0011, indicate their significant role in scattering
and absorbing sunlight, which affects regional and global
climate patterns (Tegen et al., 1996) 4], The long-range
transport of desert dust also influences air quality far from the
source regions, contributing to transboundary pollution.

5.2. Model Performance

Evaluating the performance of different aerosol models in
predicting aerosol properties across various environments
highlights both strengths and limitations.

Community Multiscale Air Quality (CMAQ) Model: The
CMAQ model effectively captures the variability in aerosol
concentrations and chemical composition in urban and rural
environments. Its integration of local emissions and
meteorological data provides accurate regional-scale
simulations. However, CMAQ's performance can be limited
by uncertainties in emission inventories and the representation
of secondary organic aerosol (SOA) formation processes
(Byun & Schere, 2006) B,

Goddard Chemistry Aerosol Radiation and Transport
(GOCART) Model: GOCART's global scope and ability to
simulate long-range transport of aerosols make it well-suited
for studying marine and desert aerosols. The model
successfully reproduces the spatial distribution and seasonal
variability of these aerosols. Nonetheless, GOCART!'s
simplified treatment of aerosol microphysical processes can
lead to discrepancies in size distribution and chemical
composition predictions (Chin et al., 2002) ¥,

Aerosol Two-Dimensional bin (AER-2D) Model: The AER-
2D model's detailed representation of size distribution and
aerosol dynamics allows for a comprehensive analysis of
microphysical properties. It is particularly effective in
environments with complex aerosol interactions, such as
urban areas with mixed sources. However, its high
computational demand limits its application to large-scale
studies (Ackermann et al., 1998) [,
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5.3. Implications

The findings of this study have several important implications
for climate modeling, public health, and environmental
policy.

Climate Modeling: The variability in aerosol properties
across different environments underscores the need for
region-specific aerosol parameterizations in climate models.
Accurate representation of aerosol size distribution, chemical
composition, and optical properties is crucial for improving
predictions of aerosol radiative forcing and their indirect
effects on clouds and precipitation (Boucher et al., 2013) 12,
Public Health: The higher concentrations of fine particulate
matter in urban areas highlight the urgent need for stringent
air quality regulations to protect public health. Reducing
emissions from traffic, industrial activities, and residential
heating can significantly lower PM2.5 levels and associated
health risks. Additionally, understanding the chemical
composition of aerosols can inform strategies to mitigate
specific pollutants, such as black carbon and sulphates (WHO,
2020) 1131,

Environmental Policy: The transboundary nature of
aerosols, particularly desert dust, and long-range transported
pollutants, necessitates international cooperation to address
air quality and climate impacts. Policies aimed at reducing
emissions of precursor gases for secondary aerosols, such as
sulphur dioxide (SO2) and nitrogen oxides (NOx), can have
significant benefits for both local and global air quality
(Kulmala et al., 2011) 191,

This study provides a comprehensive analysis of the physical
properties of aerosols in different environments and evaluates
the performance of various aerosol models. The findings
highlight significant variations in aerosol characteristics
across urban, rural, marine, and desert settings, emphasizing
the need for tailored approaches in climate modelling, public
health interventions, and environmental policies. By
addressing the identified gaps and improving aerosol models,
future research can enhance our understanding of aerosol
impacts on climate and human health, leading to more
effective mitigation strategies.

6. Conclusion

6.1. Summary of Findings

This research paper critically analysed the physical properties
of aerosols using various models and examined their
behaviour in different environments: urban, rural, marine, and
desert. The study provided insights into the significant
variations in aerosol characteristics and their implications for
climate modelling, public health, and environmental policy.

In urban environments, aerosols were found to have high
concentrations of fine particulate matter (PM2.5) and black
carbon, with average levels of PM2.5 ranging from 15 to 60
pg/m?. The chemical composition was dominated by organic
carbon, black carbon, sulphates, and nitrates. These aerosols
exhibited high absorption and scattering coefficients, with
single scattering albedo (SSA) values ranging from 0.7 to 0.9,
indicating significant light absorption.

Rural aerosols, influenced by agricultural activities and
natural sources, showed lower concentrations of fine particles
and higher proportions of coarse particles (PM10). PM2.5
levels in rural areas ranged from 8 to 20 pg/m*. The chemical
composition included organic matter, nitrates, sulphates, and
soil dust, with SSA wvalues typically ranging from 0.85 to
0.95, reflecting higher scattering properties and lower
absorption compared to urban aerosols.
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Marine aerosols, primarily composed of sea salt and
sulphates, exhibited a bimodal size distribution with
significant contributions from both fine and coarse particles.
The SSA values for marine aerosols ranged from 0.9 to 0.95,
indicating strong scattering properties and minimal
absorption. These aerosols play a crucial role in cooling the
Earth's surface by reflecting sunlight and influencing cloud
formation.

Desert aerosols, characterized by high concentrations of
mineral dust, had the largest proportion of coarse particles
among the environments studied. PM10 levels ranged from 40
to 50 pg/m?. The optical properties of desert aerosols, with
SSA values between 0.85 and 0.95 and a refractive index
around 1.53-0.001i, indicated significant scattering and
moderate absorption characteristics. These aerosols affect
regional and global climate patterns through their impact on
radiation balance.

6.2. Recommendations

Based on the findings of this study, several recommendations
can be made to improve the understanding and management
of aerosols in various environments:

Enhance Data Collection and Monitoring: Improved and
continuous monitoring of aerosol properties using advanced
satellite instruments, ground-based networks, and laboratory
measurements is essential. Expanding the coverage of
observational networks like AERONET and integrating data
from different sources can provide a more comprehensive
understanding of aerosol variability and trends.

Refine Aerosol Models: To enhance the accuracy of aerosol
predictions, models should incorporate region-specific
parameterizations that account for the unique characteristics
of aerosols in different environments. Improving the
representation of secondary organic aerosol (SOA) formation
and refining emission inventories can reduce uncertainties in
model outputs.

Strengthen International Cooperation:  Addressing
transboundary aerosol pollution requires collaborative efforts
at the international level. Policies aimed at reducing emissions
of precursor gases for secondary aerosols, such as sulphur
dioxide (SO2) and nitrogen oxides (NOx), should be
implemented globally to mitigate their impact on air quality
and climate.

Implement Targeted Air Quality Regulations: In urban
areas, where fine particulate matter poses significant health
risks, stringent air quality regulations are needed to reduce
emissions from traffic, industrial activities, and residential
heating. Strategies to mitigate specific pollutants, such as
black carbon and sulphates, should be prioritized to protect
public health.

Promote Research on Aerosol-Climate Interactions:
Further research is needed to understand the complex
interactions between aerosols and climate. Studies focusing
on the indirect effects of aerosols on cloud properties and
precipitation patterns can provide valuable insights for
improving climate models and predicting future climate
scenarios.

6.3. Limitations

While this study provides a comprehensive analysis of aerosol
properties across different environments, several limitations
should be acknowledged:

Data Limitations: The availability and quality of
observational data can vary across regions, affecting the
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accuracy of the analysis. In some areas, limited data coverage
may introduce uncertainties in the results.

Model Simplifications: Although the models used in this
study are well-established, they involve simplifications and
assumptions that may not fully capture the complexity of
aerosol processes. Further refinement and validation of these
models are necessary to improve their predictive capabilities.
Environmental Variability: The study categorized
environments into urban, rural, marine, and desert, but each
category encompasses a wide range of conditions and sources.
Variations within these categories may affect the
generalizability of the findings.

By addressing these limitations and implementing the
recommended strategies, future research can enhance our
understanding of aerosols and their impacts, leading to more
effective mitigation measures and policy interventions.
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