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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.   
 
Index Terms— Metal dust extraction, filters, AQI, pollution. 

I. 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 CO₂ 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, 

Cobalt, Titanium 
Asthma, COPD, pneumoconiosis, 
bronchitis, lung cancer 

Heavy metal poisoning [12] Whole body (systemic) Lead, Mercury, Arsenic, 
Manganese 

Anemia, kidney/liver damage, 
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].   

 
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 AI-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 AI-
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 (O3), 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. 

ACKNOWLEDGMENT 

The authors wish to department of Electrical Engineering, PVPIT Budhagaon and SIT Polytechnic, Ichalkaranji 
for extending their support towards execution of this work. 

REFERENCES 

[1] Carina Harpprecht, Brenda Miranda Xicotencatl, Sander van Nielen, Marc van der Meide,  Chen Li,  Zhijie Li, Arnold 
Tukker, Bernhard Steubing, “Future environmental impacts of metals: A systematic review of impact trends, modelling 
approaches, and challenges”, Resources, Conservation and Recycling, Volume 205, June 2024, 107572 

[2] Norgate, T. & Haque, N., “Energy and greenhouse gas impacts of mining and mineral processing operations”, Journal of 
Clean. Prod. 18(3), 266–274 (2010). 

[3] Alberto N. Conejo, Jean-Pierre Birat, Abhishek Dutta, “A review of the current environmental challenges of the steel 
industry and its value chain”, Journal of Environmental Management, Volume 259, 1 April 2020, 109782 

[4] T.E. Oladimeji, M. Oyedemi, M.E. Emetere, O. Agboola, J.B. Adeoye, O.A. Odunlami, “Review on the impact of heavy 
metals from industrial wastewater effluent and removal technologies”, Heliyon, Vol. 10,  2024, article no. e40370 

[5] Qiaoqiao Zhou, Nan Yang, Youzhi Li, Bo Ren, Xiaohui Ding, Hualin Bian, Xin Yao, “Total concentrations and sources 
of heavy metal pollution in global river and lake water bodies from 1972 to 2017”, Global Ecology and Conservation, 
Vol. 22, 2020, article no. e00925 

[6] Masanori Akira, Narufumi Suganuma, “Hard metal lung disease”, Health Sciences Review, Vol. 11, 2024, article no. 
100167 

[7] Suganuma, “Imaging diagnosis of pneumoconiosis with predominant nodular pattern: HRCT and pathologic findings”, 
Clinical Imaging, Vol. 97, 2023, pp. 28–33. 

[8] A. Masanori, “Imaging diagnosis of classical and new pneumoconiosis: predominant reticular HRCT pattern”, Insights 
Imaging Vol.12, 2021 

[9] Yalin Liu, Ruixin Yang, Yihua Chai, Yi Wang, “Welding and burnishing dusts' exposure characteristics and health risk 
assessment in electromechanical processing workshop: Based on oxidation potential and EPA”, Building and 
Environment, Volume 279, 1 July 2025, 112971 

[10] Minhua Li, Chuancheng Wu, Yilin Zhang, Yu Jiang, Jinfeng Lin & Jianjun Xiang, “Effects of occupational dust 
exposure on the health status of workers in China”, Scientific Reports, 2025, 15:19487 

[11] Nurul Ainun Hamzah, Shamsul Bahri Mohd Tamrin, Noor Hassim Ismail, “Metal Dust Exposure and Respiratory 
Symptoms among Steel Workers: A Dose-Response Relationship”,  International Journal of Collaborative Research on 
Internal Medicine & Public Health, Vol. 7 No. 3 (2015) 

[12] Sabrina Gravel, Brigitte Roberge, Mickaël Calosso, Sébastien Gagné, Jacques Lavoie,  France Labrèche, “Occupational 
health and safety, metal exposures and multi-exposures health risk in Canadian electronic waste recycling facilities”,  
Waste Management, Volume 165, 15 June 2023, Pages 140-149 

[13] Ceballos, D.M., Dong, Z., Peters, J.L., Herrick, R.F., Gupta, P., Spengler, J.D., 2022. Metals dust in workers’ homes and 
potential for take home in the Greater Boston area: Pilot study. Environ. Res. 209, 112893 

[14] Ceballos, D.M., Cote, D., Bakhiyi, B., Flynn, M.A., Zayed, J., Gravel, S., Herrick, R.F., Labreche, F., 2020. 
Overlapping vulnerabilities in workers of the electronics recycling industry formal sector: A commentary. Am. J. Ind. 
Med. 63, 955–962. 

[15] Rafiei M, Gadgil AS, Sore SD, Jaafarzadeh N, Mirkazemi R. Assessment of air pollution and its effects on the health 
status of the workers in beam rolling mills factory (Iran National Steel Industrial Group) from Ahvaz-Iran. Indian J 
Occup and Environ Med 2009; 13(1): 20-22. 

[16] Reynolds SJ, Seem R, Fourtes LJ, Sprince NL, Johnson J, Walkner L, Clarke W, Whitten P. Prevalence of elevated 
blood leads and exposure to lead in construction trades in Iowa and Illinois. Am J Ind Med 1999; 36(2): 307-316. 

[17] Singh PL, Bhardwaj A, Deepak KK. Respirable suspended particulate matter (RSPM) and respiratory symptoms among 
casting industry workers: An exploratory study in Northern India. Int J Adv Engineering and Technology 2011; II(1): 
251-259. 

[18] Ahmed HO, Abdullah AA. Dust exposure and respiratory symptoms among cement factory workers in the United Arab 
Amirates. Ind Health 2012; 50(3): 214-222. 

[19] Mwaiselage J, Moen B, Bråtveit M. Acute respiratory health effects among cement factory workers in Tanzania: An 
evaluation of simple health surveillance tools. Int Arch Occup Env Health 2006; 79(1): 49-56. 

[20] K. Chaulya,A. Chowdhury,S. Kumaret al., ‘Fugitivedust  emissioncontrolstudy   for  a developedsmart   dry fog  system   
’,Journalof EnvironmentalManagement, vol.  285,  p. 112116,May  2021 

[21] Gang Li, Jinhua Hu, Shiqiang Chen, “A review of dust control/removal methods in metal mines in China”, Powder 
Technology, Volume 430, No. 1 December 2023, 119035 



 
1532 

[22] Frederick Anlimah1  · Vinod Gopaldasani2  · Catherine MacPhail3  · Brian Davies, “A systematic review of the 
effectiveness of dust control measures adopted to reduce workplace exposure”, Environmental Science and Pollution 
Research (2023) 30:54407–54428 

[23] Ashish Shinde, Mandar Sawardekar, Tanvi Surve, Nilesh Zore, Sachine Gurav, “A Review on Wet Dust Collector”, 
International Journal of Innovative Research in Science, Engineering and Technology, Volume 9, Issue 10, October 
2020 

[24] Shanshan Tang, “A Systematic Review of Dust Suppression Methods by Experiment Based on Intelligent Technology in 
the Coal Mines”, Journal of Electrical Systems Vol. 20, no. 3, 2024, pp.:882-893 

[25] Liu Q, Nie W, Hua Y, Peng H, Liu Z, “The effects of the installation position of a multi-radial swirling air-curtain 
generator on dust diffusion and pollution rules in a fully-mechanized excavation face: a case study”,  Powder 
Technology, 2018, Vol. 329, pp.:371–385 

[26] Kumar, A., & Singh, R. (2021). "Advancements in Industrial Dust Control Technologies." Journal of Environmental 
Engineering, 147(3), 102-118. 

[27] I. Christakis, E. Sarri, O. Tsakiridis, K. Moutzouris, D. Triantis and I. Stavrakas, "Integrated Open Source Indoor Air 
Quality Monitoring Platform," 2024 9th South-East Europe Design Automation, Computer Engineering, Computer 
Networks and Social Media Conference (SEEDA-CECNSM), Athens, Greece, 2024, pp. 183-188 

[28] S. Das, S. Chakraborty, D. Jana, R. Nandy and S. Bhattacharya, "IoT Based Industrial Air Quality Monitoring System," 
2022 Second International Conference on Computer Science, Engineering and Applications (ICCSEA), Gunupur, India, 
2022, pp. 1-4Zhang, Y., & Li, H. (2020). "Smart Automation in Dust Extraction Systems for Steel Industries." 
International Journal of Mechanical Engineering, 45(2), 89-105. 

[29] Smith, J., & Brown, K. (2019). "Impact of Automated Filtration Systems on Air Quality in Heavy Industries." Industrial 
Safety Review, 34(5), 220-235. 

[30] World Steel Association. (2022). "Environmental Impact of Steel Production and Modern Mitigation Strategies." 
[31] Patel, D., & Mehta, S. (2023). "IoT-Based Predictive Maintenance in Dust Extraction Systems." Smart Industrial 

Solutions, 12(4), 56-78. 
[32] Johnson, R., & White, P. (2021). "AI-Driven Filtration Systems for Industrial Air Quality Control." Environmental 

Science & Technology, 55(8), 345-360. 
[33] Chen, L., & Wang, X. (2020). "Real-Time Monitoring in Dust Extraction: A Data-Driven Approach." Journal of 

Industrial Automation, 38(2), 134-150. 
[34] Anderson, M., & Clark, T. (2019). "Regulatory Compliance in Industrial Air Pollution Control." Environmental Policy 

Review, 29(6), 67-88. 
[35] Williams, K., & Scott, J. (2021). "Energy-Efficient Dust Extraction Technologies and Their Industrial Impact." 

Mechanical Engineering Review, 52(4), 190-208. 
[36] Davis, B., & Lewis, H. (2022). "Robotic Cleaning Mechanisms in Automated Dust Collection Systems." Journal of 

Advanced Industrial Robotics, 27(3), 99-117. 
[37] Ravikumar P., Prakash K.L. & Somashekar R.K., "Air Quality Indices to Understand The Ambient Air Quality in 

Vicinity of Dam Sites of Different Irrigation Projects in Karnataka State, India", International Journal of Science and 
Nature, Vol.5, No. 3, 2014, pp. 531-541 

[38] Ankita Shukla, Rajeev Kumar Mishra, Dr. M. Parida, "Estimation of Composite Air Quality Index for Lucknow", 
Institute of Town Planners, India Journal, Vol. 7, no. 4, pp. 45 - 56, October - December 2010 

[39] Pranav Shrirama and Srinivas Malladi, "A Study and Analysis of Air Quality Index and Related Health Impact on Public 
Health", International Conference on IoT based Control Networks and Intelligent Systems (ICICNIS 2020) 

[40] Vennapu, Lakshmana Rao, “An Estimation of Air Quality Index of a Coastal Station A case study”, International 
Journal of Current Microbiology and Applied Sciences (IJCMAS), Vol. 3, No. 6, pp. 759 – 763, 2014.  

[41] Sanjoy Maji, Sirajuddin Ahmed, Santu Ghosh and Saurabh Kumar Garg, “Evaluation of air quality index for air quality 
data interpretation in Delhi, India”, Current Science, Vol. 119, No. 6, pp. 1019 – 1026, 2020 

[42] Amit Kumar Gorai Kanchan and Pramila Goyal, “A Review on Air Quality Indexing System”, Asian Journal of 
Atmospheric Environment Vol. 9-2, pp. 101-113, June 2015, doi: http://dx.doi.org/10.5572/ajae.2015.9.2.101  

[43] Abdulmuhsin S. Shihab, "Assessment of Air Quality through Multiple Air Quality Index Models – A Comparative 
Study", Journal of Ecological Engineering, Vol. 24, No. 4, pp. 110–116, 2023 

 
 


