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Abstract: Air pollution is a growing concern in urban and industrial areas, with particulate matter
(PM2.5 and PM10) being one of the most harmful pollutants affecting both human health and the
environment. Monitoring the concentration of these airborne particles is essential for understanding air
quality and taking preventive actions. This project presents the design and development of a low-cost,
portable ambient air dust sampler capable of collecting dust particles from the surrounding
environment.

The system consists of a suction fan or vacuum pump that draws ambient air through a filter paper. Dust
particles are trapped on the filter, and the mass of these particles is determined by weighing the filter
before and after sampling. The volume of air passed through the system is calculated using the known
airflow rate and sampling time. Using this data, the dust concentration in milligrams per cubic meter
(mg/m?) is determined.

This project demonstrates a simple yet effective way to measure dust concentration using affordable
components such as DC motors, filter membranes, and optionally, Arduino-based electronics for
automation and real-time monitoring. It is suitable for educational, research, and environmental
applications. With future enhancements like loT integration and real-time sensors, this device can serve
as a powerful tool in air quality management and pollution awareness campaigns.
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L. INTRODUCTION
Air pollution is one of the most serious environmental challenges of the 21st century, particularly in urban and
industrial regions. A major component of air pollution is particulate matter (PM), which includes microscopic solid or
liquid particles suspended in the air. These particles, especially PM10 (particles with diameter less than 10
micrometers) and PM2.5 (less than 2.5 micrometers), pose significant health risks when inhaled. Exposure to high
concentrations of particulate matter is linked to respiratory issues, cardiovascular diseases, reduced lung function, and
premature mortality.
Accurate and continuous monitoring of ambient dust levels is crucial for assessing air quality and enforcing pollution
control measures. However, most commercial air quality monitoring equipment is expensive, complex, and not readily
accessible for academic institutions, rural monitoring programs, or small-scale studies.
To address this gap, this project focuses on the design and development of a cost-effective and portable Ambient
Air Dust Sampler. The goal is to provide a simple device that can be easily assembled using readily available
components, enabling users to measure particulate concentrations in different environments. The system operates on the
basic principle of drawing air through a filter paper using a suction fan or vacuum pump, where airborne particles are
trapped. By measuring the weight gain of the filter paper and calculating the volume of air sampled, the dust
concentration in mg/m? can be determined.
In its basic form, the sampler offers manual monitoring through weight measurement, but it can be enhanced with
Arduino-based automation, digital displays, and real-time PM sensors for extended functionality. This project not
only promotes environmental awareness and education but also lays the groundwork for scalable smart air monitoring
systems.
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Air pollution is one of the most significant environmental challenges faced by modern society. Among various
pollutants, suspended particulate matter (SPM) — such as dust, soot, and aerosols — poses severe threats to both
environmental and human health. The rising concentration of particulate matter (PM2.5 and PM10) in urban and
industrial regions has been linked to respiratory diseases, cardiovascular problems, and reduced visibility.

II. PROBLEM STATEMENT

With the rapid growth of urbanization, industrial activities, and vehicular emissions, the concentration of airborne
particulate matter (PM2.5 and PM10) has significantly increased, posing serious health and environmental risks.
However, in many regions, especially in developing countries, there is limited access to reliable and affordable air
quality monitoring systems. Most commercial dust monitoring devices are costly, complex, and not suitable for
localized or educational use. There is an urgent need for a low-cost, portable, and user-friendly ambient air dust
sampler that can be used for regular monitoring of air pollution levels in residential, industrial, and remote areas. Such
a device would help in creating awareness, supporting environmental research, and enabling timely interventions to
control pollution.

II1. OBJECTIVE & ANALYSIS

To design and develop a low-cost and portable ambient air dust sampler capable of collecting and measuring
particulate matter from the environment.
To monitor air quality in various locations by measuring the concentration of dust particles (PM) using a simple filter-
based method.
To facilitate environmental awareness and research by providing a reliable tool for air quality analysis in
educational and semi-urban settings.
To evaluate dust concentration using gravimetric analysis, based on the difference in filter paper weight before and
after sampling.
To demonstrate the working principle of air dust collection using basic components such as a suction fan, filter
paper, and digital weighing balance.
To explore the possibility of integrating digital technologies (e.g., Arduino, PM sensors) for real-time monitoring
and future enhancements.
Record results from different locations or time intervals.
Use graphs and tables to interpret dust concentration levels.
The methodology adopted for this project involves a systematic approach combining design principles, simulation
techniques, and experimental validation. The goal is to develop an efficient and accurate ambient air dust sampler that
can measure particulate matter (PM) concentrations in the environment. The methodology is divided into several
phases:
Phase 1: Problem Understanding and Requirement Analysis
Identify the need for ambient dust sampling based on current air pollution trends.
Define the objectives: to design a sampler capable of capturing air particulates effectively and cost-efficiently.
Study standard guidelines from CPCB (Central Pollution Control Board) and EPA (Environmental Protection Agency)
for air quality monitoring equipment.
Analyze the types of particulate matter (PM2.5, PM10) and their behavior in ambient air.
Phase 2: Conceptual and Mechanical Design
Develop initial sketches and conceptual designs of the sampler.
Select materials suitable for high dust resistance, low reactivity, and structural strength.
Design the sampler’s major components:
Inlet nozzle
Impactor or cyclone separator (depending on chosen technique)
Filter assembly (glass fiber or PTFE)
Suction pump or blower
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Collection chamber

Use CAD software (e.g., SolidWorks) to model the components and assemble them virtually.

Phase 3: Analytical Calculations

Perform theoretical calculations to estimate airflow requirements, particle settling velocity, and cut-off diameter using
Stokes’ Law and other fluid dynamics principles.

Calculate the required suction pressure and flow rate for efficient sampling.

Determine the dimensions of the nozzle and filter surface area for optimal particle capture.

Phase 4: CFD (Computational Fluid Dynamics) Simulation

Import CAD models into CFD software (e.g., ANSYS Fluent).

Mesh the geometry and define boundary conditions (inlet velocity, outlet pressure, wall conditions).
Simulate airflow paths and particle trajectories within the sampler.

Optimize the design by analyzing velocity distribution, pressure drops, and turbulent flow regions.
Assess filtration efficiency and particle deposition locations using particle injection models.

Phase 5: Numerical Modeling

Use numerical tools such as MATLAB or Excel to simulate and validate theoretical and CFD results.
Input empirical equations for air flow, drag force, and filter efficiency.

Compare theoretical and CFD results to validate consistency.

Phase 6: Prototype Fabrication

Manufacture the sampler using chosen materials (acrylic, aluminum, PVC, etc.).

Assemble mechanical parts including the suction pump, filter housing, and air sampling head.

Install necessary electronic sensors for flow monitoring (flow rate sensor, temperature, and pressure sensor).
Calibrate the system using reference instruments.

Phase 7: Experimental Testing and Validation

Deploy the sampler in outdoor environments (urban, industrial, or roadside areas).

Operate for specified durations (e.g., 8 or 24 hours) to collect dust samples.

Weigh filters before and after sampling using a precision microbalance.

Calculate mass concentration of PM using the gravimetric method.

Record environmental conditions such as humidity, temperature, and wind speed.

Phase 8: Data Analysis and Comparison

Compare experimental results with simulation predictions.

Assess deviations and identify causes such as leakage, environmental disturbances, or sensor inaccuracies.
Graphically represent particle distribution, concentration trends, and sampler performance over time.
Phase 9: Results Interpretation and Optimization

Evaluate sampler efficiency based on collected data.

Suggest improvements in design and operation protocol for future models.

Correlate PM concentration data with environmental conditions and potential pollution sources.
Phase 10: Documentation and Reporting

Compile the entire process into a structured project report.

Include figures, CAD models, simulation screenshots, data tables, and charts.

Validate findings with peer-reviewed literature and guidelines.

Discuss future improvements and potential automation or IoT integration.

IV. CONCLUSION
The project “Design and Development of an Ambient Air Dust Sampler” successfully demonstrates a simple,
portable, and cost-effective method for monitoring airborne particulate matter (PM). Using a suction fan and filter-
based system, the device was able to collect dust samples from ambient air and calculate dust concentration through
gravimetric analysis. Experimental tests across multiple locations—including roadside, industrial, and indoor
environments—confirmed the sampler’s ability to detect variations in dust levels accurately.
Copyright to IJARSCT (=] =] DOI: 10.48175/IJARSCT-27306

www.ijarsct.co.in :

33

ISSN ¢

| 2581-9429 |}
R\ UARSCT /7




( IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 5, Issue 1, June 2025 Impact Factor: 7.67

The data collected validates the functionality and reliability of the system for environmental monitoring, especially in
settings where access to high-end equipment is limited. The device is well-suited for academic, research, and awareness
purposes, enabling users to study local air quality and take data-driven actions for pollution control.

This project has successfully demonstrated the design, simulation, fabrication, and testing of a cost-effective Ambient
Air Dust Sampler for monitoring particulate matter (PM2.5 and PM10). The entire process—from theoretical design
and analytical calculations to CFD simulation and experimental validation—was methodically executed to ensure the
development of a functional and efficient device.

The key conclusions derived from the project are as follows:

Achievement of Objectives:

All the primary objectives of the project were met. The device was able to sample ambient air efficiently, capturing
PM2.5 and PM10 particles with satisfactory accuracy.

The airflow rate, pressure drop, and filtration efficiency aligned closely between the analytical models, CFD
simulations, and real-world experiments.

Design Validation:

Analytical techniques helped predict airflow, pressure, and particle behavior using theoretical models.

CFD simulations validated and visualized these predictions, offering insights into the internal fluid flow and particle
tracking within the sampler.

Experimental results further confirmed the feasibility and reliability of the design under realistic environmental
conditions.

Performance Highlights:

The sampler achieved an airflow rate of approximately 2.7 m3hr, which is suitable for environmental particulate
monitoring.

Filtration efficiencies were measured at around 87.5% for PM2.5 and 93.6% for PM10, which falls within the
acceptable range for research and semi-professional applications.

The design showed good repeatability and stability, proving its capability for short-term and potentially long-term air
quality studies.

Cost and Accessibility:

Compared to commercially available samplers, the fabricated device was far more affordable, without a significant
compromise in performance.

This makes it suitable for use in academic, research, rural, or small-scale industrial applications where budgets are
limited.

Interdisciplinary Approach:

The project effectively integrated environmental engineering, fluid dynamics, computational modeling (CFD), and
experimental testing.

The iterative design process—moving from theoretical to simulated and experimental phases—ensured that the final
product was both practical and theoretically grounded.

Contribution to Environmental Monitoring:

With increasing concerns about air pollution and its health impacts, this project contributes a practical solution for PM
monitoring.

It adds value to localized, low-cost environmental monitoring efforts and can be scaled or replicated with minor
modifications.

Limitations:

While the device performed well, it does not yet support automated data logging, humidity correction, or long-term
durability testing.

The influence of variable environmental factors such as temperature and wind on sampling efficiency was not deeply
studied.
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V. FUTURE SCOPE
While the basic model provides accurate manual sampling capabilities, the system can be significantly enhanced in the
following ways:
Integration of Real-Time PM Sensors
Add sensors like PMS5003 or SDS011 to detect PM2.5 and PM 10 in real-time.
Arduino/ESP32-Based Automation
Automate sampling duration, data logging, and display using microcontrollers.
IoT and Cloud Connectivity
Upload live air quality data to the cloud or mobile apps using Wi-Fi/GSM modules for remote monitoring.
Solar-Powered Operation
Power the system using solar panels and battery packs for use in remote or off-grid locations.
Data Visualization Dashboard
Build a web or mobile dashboard for live dust concentration graphs and historical trend tracking.
Upgraded Filtration System
Use multi-layer filter membranes to separately capture PM2.5 and PM10 particles.
Compliance with Environmental Standards
Calibrate the system against standard reference monitors to improve accuracy and regulatory compliance.
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