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Abstract— Metal dust generated in industrial processes poses significant health and
environmental risks. For mitigating the health effects, a dust extraction solution often combines
with accurate air quality monitoring. This paper discusses the impact of metal dust on human
health, dust extraction systems and Air Quality Index (AQI) monitoring technologies to
safeguard the workplace. A comprehensive review of current dust extraction techniques,
including mechanical filtration and localized capture, is presented alongside developments in
sensor-based AQI monitoring for continuous, real-time pollutant measurement and predictive
analytics. The AQI monitoring enhances the efficiency and responsiveness of dust extraction
systems by providing timely data on particulate concentrations, enabling dynamic system
control and regulatory compliance.
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1. INTRODUCTION

The metal processing industries across the world are significant sources of various forms of pollution, adversely
impacting air, water and soil environments [1]. Metal smelting and processing facilities emit large quantities of
airborne pollutants including sulfur dioxide, nitrogen oxides, volatile organic compounds (VOCs), carbon
monoxide, particulate matter and hazardous heavy metals such as lead, arsenic, chromium, cadmium and
mercury [2]. These pollutants contribute to atmospheric smog, acid rain, respiratory illnesses and global
greenhouse gas (GHG) emissions. For instance, steel and aluminum manufacturing together are responsible for
over 10% of the world’s CO: emissions [3]. The industry consumes significant volumes of water for cooling and
cleaning, and improperly treated wastewater can release heavy metals and chemicals into rivers, lakes and
groundwater [4]. This contamination threatens aquatic ecosystems and can bio accumulate in the food chain,
presenting risks for both wildlife and human health. Metal extraction and ore processing also generate toxic
residues and tailings which can leach into soils and surface waters causing persistent long-term harm [5].

II. METHODOLOGY

A systematic and structured approach is taken to gather, analyse and synthesize existing literature from assorted
journals and conferences and technological advancements related to the control and assessment of airborne metal
particulates. The selection criteria focused on studies addressing sources of metal dust in industrial
environments, extraction and filtration technologies. AQI monitoring systems uses real-time sensor networks and
IoT-based platforms.
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The collected data were categorized based on extraction technique efficiency, sensor performance parameters
and the influence of various operational conditions on AQI levels. The effects of metal dust on human health are
also described.

III. HEALTH EFFECTS OF METAL DUST

Exposure to metal dust poses severe risks to human health, affecting multiple organ systems and often resulting
in chronic disease states [6]. Breathing in fine metal dust can lead to serious pulmonary conditions, including
asthma, chronic obstructive pulmonary disease, pneumoconiosis, bronchitis, rhinitis, hypersensitivity
pneumonitis, and even lung cancer [7]. Exposure-response studies show that cumulative inhalation of dusts
steadily deteriorates lung function over time, often resulting in shortness of breath, chronic cough, chest
tightness, and reduced lung capacity [8]. Inhaled metal dust may cause heavy metal poisoning, which affects the
blood, central nervous system, liver and kidneys and result in abnormal heartbeat, anemia, brain damage,
memory loss, difficulty breathing and organ dysfunction. These effects are prominent with dusts containing lead,
mercury, manganese, and arsenic, which are highly toxic and bio accumulative [9]. Contact with metal dust can
cause skin irritation and rashes. Inhalation or ingestion, meanwhile, can impair neurological function [10].

TABLE I: HEALTH EFFECTS OF METAL DUST

Health Effect Organ/System Typical Metals Involved Description/Symptoms
Respiratory diseases [11] Lungs Iron, Chromium, Nickel, | Asthma, COPD, pneumoconiosis,
Cobalt, Titanium bronchitis, lung cancer
Heavy metal poisoning [12] Whole body (systemic) Lead,  Mercury,  Arsenic, | Anemia, kidney/liver damage,
Manganese neurological effects
Cancer (lung, other organs) [10] | Lungs, blood, other Chromium, Nickel, Arsenic Increased risk of malignancies,
genetic mutations
Cardiovascular diseases [12] Heart, blood vessels Lead, Arsenic, Cobalt Arrhythmias, hypertension, higher
heart disease risk
Skin irritation/rashes [13] Skin Nickel, Chromium, Cobalt Dermatitis, contact rashes,
irritation
Neurological impairment [14] Brain, nervous system Lead, Manganese, Mercury Memory loss, cognitive
disturbance, brain damage

IV. METAL DUST EXTRACTION SYSTEMS

Metal dust extraction systems are engineered solutions designed to capture, filter, and remove airborne metal
particulates generated during various industrial processes such as grinding, cutting, milling, welding and CNC
machining. These systems play a critical role in safeguarding workplace environments within metalworking,
manufacturing and fabrication industries, as they directly prevent the accumulation of hazardous fine metal dust,
which can impair worker safety, machinery function, and indoor air quality. Metal dust extraction systems vary
widely in design and function, with their selection depending on factors such as dust type, particle size, industry
requirements, and environmental regulations. The main types include dry dust collectors, wet dust collectors, and
electrostatic precipitators, each with specific advantages and limitations [21].

Dry dust extraction systems, such as cartridge collectors, bag house filters, and cyclone separators, are widely
used in metal processing industries due to their efficiency in capturing fine particulate matter. Cartridge and bag
house filters utilize fabric or synthetic media to trap dust particles, offering high filtration efficiency often above
95%. Cyclone separators use centrifugal force to remove larger dust particles and are typically employed as pre-
cleaners to prolong the lifespan of filter media. These systems are favoured for their low water usage and ability
to handle large dust volumes but require regular maintenance to prevent clogging and ensure pressure drop does
not compromise airflow [22].

Wet dust extraction systems use water or liquid sprays to capture dust particles from air streams, forming dust-
laden droplets that are then removed from the air. These are particularly effective for handling combustible or
sticky metal dusts that might clump or create fire hazards in dry systems. Wet scrubbers, for example, can
remove both dust and soluble gases, making them versatile for certain industrial environments. However, wet
systems generate contaminated wastewater requiring treatment and disposal, and their use may be limited in cold
climates due to freezing risks [23].

Electrostatic precipitators (ESPs) operate by charging dust particles electrically and then collecting them on
oppositely charged plates. ESPs are highly effective for submicron-sized particles and can operate continuously
with minimal pressure drop, making them energy-efficient. They are common in large-scale operations where air
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volumes are massive. However, ESPs possess high capital costs, require skilled maintenance, and are less
effective with sticky or damp dusts [24].

Selection among these dust extraction systems depends on numerous factors, including dust composition and
particle size distribution, facility air volume, environmental regulations, operational costs, and maintenance
capabilities. Emerging innovations focus on hybrid systems combining dry and wet technologies, integration of
smart sensors for real-time performance monitoring, and development of higher-efficiency, longer-lasting filter
media to minimize maintenance and environmental impact [25]. Typical extraction setups include targeted
ducting, specially designed hoods, and advanced filtration modules to effectively capture and contain dust at its
source before it disperses throughout the facility [26].

Air Outlet

Dust and air
cleaning chamber

Baffle Plate

Metal Dust
Source

Dust Collection

basket

Figure 1: Typical metal dust extraction system

Figure 1 shows a modern metal dust extraction system designed for industrial air quality management and
worker safety. The metal dust is generated through industrial activities like cutting, grinding or welding. Dust-
laden air first strikes on a baffle plate, which helps in redirecting airflow and reducing the velocity of large dust
particles. This step promotes the settling of heavier particles before moving further into the system. Air
containing fine dust enters the main cleaning chamber consisting bag filters. Cartridge or bag filters are highly
efficient and can remove even submicron-sized particulates to ensure air quality compliance. The unidirectional
valve allows dust to drop from the filter area into the dust collection basket while preventing backflow of dust
particles into the system. Collected dust particles fall into a collection basket, which is periodically cleaned for
safe disposal.

Steel plants generate significant dust and particulate emissions during processes like smelting and rolling,
affecting worker health, equipment, and air quality. Traditional control methods are often inefficient and costly.
Automated Dust Extraction Systems offer a smart, energy-efficient solution by using sensors, real-time
monitoring and IoT-based controls to capture airborne particles. These systems enhance safety and accomplish
the regulatory compliance.

Steel dust extraction systems are specialized solutions designed to capture and remove airborne dust generated
during steel manufacturing processes such as cutting, grinding, welding, and rolling. These systems are essential
to protect worker health, maintain clean environments, and comply with strict air quality regulations typical in
the steel industry [27].

The importance of energy-efficient dust control methods is emphasized in [28], focusing on electrostatic
precipitators and bag house filters. The automation enhances operational efficiency and reduces maintenance
costs. The integration of IoT and Al-driven monitoring techniques, have demonstrated their effectiveness in
optimizing dust collection and a predictive analytics was shown to improve system reliability and minimize
downtime [29]. The automated filtration demonstrates significant improvements in dust reduction and AQI
improvement with high-efficiency filters and self-cleaning mechanisms [30]. The World Steel Association has
examined global regulatory frameworks and their influence on dust control strategies, emphasizing compliance
through advanced filtration and monitoring solutions [31]. The explored predictive maintenance using IoT
technologies, shows the role of sensor networks in detecting potential failures before they occur [32]. The Al-
driven filtration techniques has contributed to energy-efficient air quality management [33] with real-time
monitoring systems of dust extraction performance and to adhere to the regulatory standards [34].
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The challenges in regulatory compliance and the importance of adopting automated dust control solutions for
sustainable air quality management is highlighted in [35]. A case study of energy-efficient dust extraction
technologies is discussed with optimizing energy consumption in industrial filtration systems in [36]. The robotic
cleaning mechanisms [37] in dust collection systems minimizes human intervention. The progress continues to
meet the never ending demands of the industry and society. The society demands clean and pure environment for
sustainability. This the environment is monitored with AQI monitoring techniques.

V. SYSTEMS AQI MONITORING

Air Quality Index (AQI) monitoring is an essential aspect of modern metal dust extraction strategies, providing
real-time data on the concentration of airborne pollutants within industrial settings. Integrating AQI sensors and
monitoring systems enables continuous evaluation of workplace air, automated system optimization, and rapid
response to hazardous conditions. As a result, combining metal dust extraction system design with AQI
monitoring ensures regulatory compliance, operational safety, and the promotion of worker health by keeping
pollutant levels within permissible exposure limits [38].

AQI is used to communicate the air quality to the public in a simple and easy-to-understand manner [39]. Higher
AQI values indicate higher levels of air pollution and greater potential health risks. AQI is usually reported on a
scale of 0 to 500, with higher values indicating worse air quality [40]. The exact ranges and health effects
associated with different AQI values can vary depending on the country or region. According to the Indian
Government (CPCB), Indian AQI range is from 0-500, from 0 being good and 500 being severe. There are eight
major pollutants to be taken into account for AQI calculation, viz. particulate matter (PM 10 and PM 2.5),
carbon monoxide (CO), ozone (03), nitrogen dioxide (NO2), sulphur dioxide (SO2), ammonia (NH3), and lead
(Pb). To calculate AQI, data for a minimum of three pollutants must be present, of which one should be either
PM10 or PM2.5, AQI ranging from 0-500 has different concentrations for each pollutant and has health effects
accordingly. AQI in the range 0 — 50 defines air quality as good as it shows minimal or no impact on health. AQI
in the range 51-100 is a satisfactory air quality range and it can show effects such as breathing difficulty in
sensitive groups. The 101-200 AQI range shows moderate air quality with impacts such as breathing discomfort
for children and elderly people, and people already suffering from lung disorders and heart disease. AQI in range
201-300 communicates that the air quality is poor and shows health effects on people when exposed for the long
term. People already suffering from heart diseases can experience discomfort from short exposure. The very poor
category AQI fall in 301-400 range causes respiratory illness for a longer duration of exposure. The severe range
401-500+ of AQI causes health impacts to normal and diseased people. It also causes severe health impacts on
sensitive groups [41].

The AQI monitoring is essential for various reasons. AQI informs individuals about the current air quality,
empowering them to make informed decisions about activities and exposure. This is especially important for
vulnerable groups like children, the elderly, and those with existing respiratory conditions [42]. Monitoring data
can guide public health officials to allocate resources effectively, focusing on areas with the most significant air
pollution problems and implementing targeted interventions to protect population health. By tracking changes in
AQI over time, policymakers can assess the effectiveness of implemented pollution control measures and adjust
them as needed to achieve desired improvements in air quality [43].

AQI monitoring significantly enhances metal dust extraction systems by providing real-time data on the
concentration of particulate matter such as PM10 and PM2.5 in industrial environments [44]. AQI monitoring
gives early detection of rising dust levels and enables automated and timely activation of dust extraction and
suppression systems like misting or water spraying units to control dust emissions effectively. This integration
improves dust mitigation efficiency and ensures compliance with occupational health and environmental
regulations.

VI. CONCLUSIONS

This paper discusses the growing significance of effective metal dust extraction systems and advanced AQI
monitoring in ensuring workplace safety and environmental sustainability. Industrial processes involving metal
cutting, grinding, and machining generate hazardous fine particulates that pose serious risks to human health and
contribute to air pollution. Technological advancements in localized extraction systems, filtration methods and
automated control strategies have significantly improved dust mitigation, but challenges remain in terms of
efficiency, energy consumption and affordability. The AQI monitoring has evolved from conventional sampling
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techniques to sophisticated sensor-based, real-time and IoT-enabled systems that provide deeper insights into
particulate matter levels and pollutant dispersion patterns.
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