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Abstract 

In recent years, different aspects of dust storm, as one of the environmental problems, have been investigated by 

many researchers. One of the main goals in this regard is controlling of the dust and its subsequent hazards. The 

first step in the controlling process of dust or its hazards is detection of dust as well as determination of dust 

concentration. There are different methods and devices to determine dust concentration. In the work, the 

existing methods and devices to measure the dust concentration in the environment have been presented and 

explained. Furthermore, the potential application of image processing technique as a low cost method to 

determine dust concentration has been discussed. 
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1. Introduction 

Recently, dust storm has attracted much attention because of its negative effects on vast areas such as human 

healthiness, industry, agriculture, living animals and plants and totally the environment. The source of dust 

storms is soil moving of dried areas.   

The natural sources of other dusts are soil, pollen and spores, volcanic ash, sea salt, fires, etc., while the 

anthropogenic ones are minerals extraction, construction/demolition, agriculture, industry, transport and leisure 

activities such as off-roads [1]. 

Dust is small solid particles with diameter up to 100 μm [2]. It can suspend in air for some time or settle out 

slowly under the influence of its weight [3].  

From health point of view, dust is associated with classical widespread occupational lung diseases such as 

the pneumoconioses, systemic intoxications such as lead poisoning, especially at higher levels of exposure. 

There are also some dust-related diseases such as: allergic alveolitis, asthma, cancer, irritation and at a much 

lower exposure levels whole range of non-respiratory illnesses may be accrued [4]. It also affects the blood 

pressure and decreases the level of systolic blood pressure [5].  

Dust storms cause to loss of agriculture crop yields due to burial of seedlings and so loss of plant leaves, 

reduction of photosynthetic activity and the then sugars required for growth. In addition, it delays the plant 

development and increase of end-of-season drought risks are the effects of dust regard to decrease the plant 

yield. Dust and sand storms injury and thus reduce the livestock productivity. Also dust increases the soil 

erosion and accelerates land degradation process and desertification. Besides the above negative effects, it 

effects on rivers and streams water and air quality [6-8]. 

Dust causes some problems for the industry because it increases erosion and corrosion. In aviation, it can 

cause some mechanical problems such as Pitot - static tube blockage or engine flame out in flight. In addition, it 

reduces the visibility; disturbs airport operations and then increases canceling of scheduled flights [9].  

As dust pollutes the different areas, also it may lead to loss of tourism and ecotourism interests [10]. In 

addition, it can disturb the activities in the schools, universities, organizations, etc. In view of the above, can 

cause serious economic losses.        
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Because of the dust hazards to the environment and healthiness and economic sustainability of human 

society, industry, agriculture and living beings, it must be controlled or managed. The first step in the 

controlling or managing process of dust or its hazards is dust detection and measuring dust concentration. There 

are different methods and devices to detect and determine dust concentration. So, the goal of the present article 

is to review devices and methods to detect and measure the dust concentration in the environment. Also, the 

potential of image processing technique as a low-cost method in this regard has been discussed. 

 

2. Dust Detection 

In order to reduce, predict or manage the negative effects of dust storm, its sources, formation, propagation and 

composition must be determined. To do these, firstly, dust storm must be detected. In this regard, remote 

sensing is a powerful method to provide the satellite images of atmospheric and earth material. Different 

satellites (Fig. 1 and 2) to capture the benefit images are Landsat TM/ETM [11], NOAA AVHRR and 

METEOSAT data [12-15]. 

Physical-based methods are classical methods and decision tree, artificial neural network (ANN) and support 

vector machine (SVM) and etc, are intelligent methods that have been used to detect dust. Shahrisvand and 

Akhoondzadeh [16] used MODIS images from satellite imagery and the above methods to detect dust do this. 

They used aerosol optical depth (AOD) images, one of the referenced standard products of ozone monitoring 

instrument (OMI) sensor, to test the accuracy of the methods, and then they selected SVM as the best method to 

detect dust storm. 

  

 
Fig. 1. A wall of dust was barreling across northern China on April 23, 2014 [17]. 

 

 

 
Fig. 2. Satellite images of dust for a widespread plume of Saharan Desert dust [18]. 

 

3. Dust characterization  

Some, methods and instrumentation have been used to characterize the dust such as: reflectance [19-20], optical 

microscopy [21-22], scanning electron microscopy with energy dispersive x-ray [23] and spectrometry [24]. The 

methods mainly have been used to determine the size and detect different material particles in dust.  
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4. Dust concentration 

Dust is divided to respirable and total categories. Respirable dust is that particles in the size below than 7.0 µm. 

Total dust is whole of particles that can be collected as an airborne particulate and as no respirable dust has to be 

separated. Cyclone is used to separate the respirable dust from total one. There are some methods to determine 

dust concentration that have been presented.  

 

4.1. Deposited dust 

Deposited dust is one of the main causes of air pollution that is traditionally measured gravimetrically (mg m
-

2
 day

-1
) using a passive deposit gauge based on a horizontal open-mouthed bowl, cylinder or funnel [25]. The 

obtained value by this method is not accurate and there is a doubt about how well this method represents correct 

values in a region [26].  

 

 
Fig 3. A dust deposit gage [27]. 

 

4.2. Dust soiling  

In this method, the reflectance changes caused by dust deposits are measured on a glossy surface using a gloss-

meter. A microscope slide is exposed at a roadside or rooftop as collector surface and glossy surfaces maybe 

glass, polished metal and plastic, automotive finishes and gloss paint [28].  

The original concept of sticky pad gauges was presented by Beaman and Kingsbury [29] to measure the 

percentage effective area coverage per day. Further development of the directional ‘sticky pad’ gauge by 

University of Leeds and then by DustScan, with the introduction of additional measure of Absolute Area 

Coverage (AAC) and ‘new’ analytical techniques [1]. 

 

4.3. Airborne dust 

Fast measuring of dust continuous can be done by real-time instruments, but they are more expensive and 

complex than deposition and soiling methods.  

 

4.3.1. Gravimetric methods  

The gravimetric dust samplers provide time-weighted-average concentration of dust. As the samplers determine 

the respirable dust, it has a Dorr-Oliver cyclone to separate respirable and oversize dust. Its filter must be pre- 

and post-weighed to determine the mass of dust and then to calculate the mean of dust concentration. In mines, 

the XRD analytical technique is used to measure the silica content [30]. 
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Fig. 4. A gravimetric system [30]. 

  

Zare et al. [31] and Samadi and Badri Sadat [32] using method Institute Nationaal Health and Safety 

Occupational of) NIOSH measured total and respirable dust. They determined the dust concentration based on 

the gravimetrically method.  

Costella et al. [33] used a dust sample collection and analysis method to evaluate the total dust concentration. 

For this, they provided a setup, including the hopper with manual discharge, the hopper with bascule lift 

discharge, the dryer, the underground tunnel, the redler conveyor, the elevator and the cleaning machine to 

measure the amount of the settled powder for every 8 hours. 

 

4.3.2. Non-gravimetric methods 

Personal DataRAM pDR Monitor (Fig. 5) used light scattering nephelometer as measurement technique. The 

pDR (pDR1500 and pDR1000AN) Series of nephelometers are a light-weight, user-friendly packages for either 

active or passive sampling. The world's smallest and most versatile direct-reading, personal, aerosol monitors 

are exist to provide accurate, real-time measurement of airborne particulate concentrations for numerous 

applications. 

 

 
Fig. 5. Thermo Scientific™ personal DataRAM pDR-1000AN Monitor [34]. 

 

As pDR readings are affected composition, moisture content and size distribution of dust, gravimetric dust 

samplers must be used to obtain a correction coefficient and then adjust the readings. The correction coefficient 

can be obtained by dividing the average gravimetric concentration by average pDR concentration for same 

sampling periods [30]. 

Personal dust monitor (PDM) allows real-time measuring dust. In these systems, there is a dust sampler and 

a cap lamp. The system has an exchangeable filter cartridge mounted on the end of the tapered element collects 

particles as a sample stream flows through a hollow tube. The tapered element oscillates at a frequency that 

changes in directly related to the mass collected on the filter. In this system, dust concentration is obtained by 

mass and it is displayed on the system screen. In this regard, Jamalvandy [35] used to dust meter to real time 
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measuring the dust concentration. Nourmoradi et al. [36] measured the concentration of dust in Doroud Cement 

Co. by Dust Truck Aerosol Monitor (Model: TSI 8520). 

  

 

 
Fig. 6. Thermo Scientific™ PDM3700 Personal Dust Monitor [37]. 

 

 

5. Image processing technique  

The mentioned methods to measure dust storm are time consuming and expensive. Machine vision and image 

processing are fast, accurate and low cast methods that have vast application in a different area of industry, 

medicine, agriculture and environment and natural resources. One of its applications was reported by Mazzoli 

and Favoni [38]. The researchers applied image processing technique to evaluate wood dust particles (Fig. 5). 

They acquired the images of the dust using a Scanning Electron Microscope Philips XL 20. They stated that the 

used methods have great potential to measure and analysis the grain size and size distribution of wood particles. 
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Fig. 7. The image processing steps to measure particle dimension [38].  

 

Machine vision has different stages, including image acquisition, image processing technique and data 

analyzing methods to understand image concepts or control a process. To capture images by a machine vision 

system, using a special camera. The image processing technique includes different mathematical equations for 

image preprocessing and extracting the required image features. Data analysis in machine vision includes 

classification and prediction process of the image data [39]. 

  

6. Conclusions 

There are different methods and devices to determine dust concentration for various environments. The used 

methods are time consuming and expensive. Based on the literature review, image processing technique has the 

potential application as a low-cost method to determine the dust concentration. 

 

References 

[1] Talbot, A. (2010). Measuring and managing particulates and dust-technical and practical Issues. RSC Law 

Group Seminar on Managing the Risk of Environmental Nuisance Claims. June 24. 

[2] IUPAC (1990). Glossary of atmospheric chemistry terms. International Union of Pure and Applied 

Chemistry, Applied Chemistry Division, Commission on Atmospheric Chemistry. Pure and Applied 

Chemistry, 62, 2167-2219. 

[3] ISO 4225. (1995). Air Quality - Particle Size Fraction Definitions for Health-related Sampling. ISO Standard 

7708. International Organization for Standardization (ISO), Geneva.  

[4] WHO/SDE/OEH/99.14. (2015). Dust: Definitions and Concepts, Chapter 1. Hazard Prevention and Control 

in the Work Environment: Airborne Dust. 

[5] Lin, J., Wang, H., Yan, F., Tang, K., Zhu, H., & Weng, Z. (2017). Effects of occupational exposure to noise 

and dust on blood pressure in Chinese industrial workers. Clinical and Experimental Hypertension, 40, 257-

261.  

[6] Starr, J.R. (1980). Weather, climate and animal performance. WMO Technical Note No. 190. WMO 

Publication No. 684. WMO, Geneva, Switzerland.  

[7] Bielders, C.L., Rajot, J.L., & Koala, S. (1998). Wind erosion research in Niger: The experience of ICRISAT 

and Advanced Research Organizations. Sivakumar, M.V.K.,  Zöbish,  M.A., Koala, S., & Maukonen, T. 

Wind erosion in Africa and West Asia: Problems and control strategies. Proceedings of the 

ICARDA/ICRISAT/UNEP/WMO Expert Group Meeting 22-25 April 1997, Cairo, Egypt. International 

Center for Agricultural Research in the Dry Areas (ICARDA), Aleppo, Syria. 198 pp. 

[8] Sivakumar, M.V.K. (2005). Impacts of Sand/Dust Storms on Agriculture. M.V.K. Sivakumar, R.P. Motha, 

and H.P. Das (Eds.). Natural Disasters and Extreme Events in Agriculture. Springer-Verlag, Berlin, 

Germany. 367p. 

[9] Lekas, T.H.I., Kallos, G., Kushta, J., Solomos, S., & Mavromatidis, E. (2011). Dust impact on aviation. 6
th

 

International Workshop on Sand/ Dust Storms and Associated Dust fall, September 7-9, Athens, Greece. 

[10] Almasi, A. Mousavi, A.R., Bakhshi, S., & Namdari, F. (2014). Dust storms and environmental health 

impacts. Journal of Middle East Applied Science and Technology, 8, 353-356. 

[11] Wald, A.E., Kaufman Y.J., Tanré, D., &  Gao, B.C. (1998). Daytime and nighttime detection of mineral 

dust over desert using infrared spectral contrast. Journal of Geophysical Research: Atmospheres 103(D24): 

32307-32313. 

[12] Fraser, R.S. (1976). Satellite measurement of mass of Sahara dust in the atmosphere. APPLIED OPTICS 

15. 

https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Kaufman%2C+Y+J
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Tanr%C3%A9%2C+D
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Gao%2C+B-C


7 

 

[13] Legrand, M., et al. Desbois, M., & Vovor, K. (1988). Satellite detection of Saharan dust: Optimized 

imaging during nighttime. Journal of climate, 1, 256-264. 

[14] Ackerman, S.A. (1989). Using the radiative temperature difference at 3.7 and 11-m to track dust 

outbreaks. Remote Sens. Environ, 27, 129-133. 

[15] Ackerman, S.A. (1997). Remote sensing aerosols using satellite infrared observations. Journal of 

Geophysical Research, 102, 17069-17079.  

[16] Shahrisvand, M., & Akhoondzadeh, M. (2013).  A comparison of empirical and intelligent methods for dust 

detection using MODIS satellite data. International Archives of the Photogrammetry, Remote Sensing and 

Spatial Information Sciences, Volume XL-1/W3. October 5-8, Tehran, Iran. 

[17] NASA Earth Observatory. (2014). https://earthobservatory.nasa.gov/IOTD/view.php?id=83554. 

[18] Gentry, P., & Finneran, M. (2017). available at: https://www.nasa.gov/topics/earth/features/modis-

dust.html. 

[19] Vincendon, M., Langevin, Y. Poulet, F. Bibring, J.P. & Gondet, B. (2007). Recovery of surface reflectance 

spectra and evaluation of the optical depth of aerosols in the near-IR using a Monte Carlo approach: 

Application to the OMEGA observations of high latitude regions of Mars. J. Geophys. Res., 112, E08S13, 

doi:10.1029/2006JE002845. 

[20] Kwon, C.W., Chirila, M.M., Lee, T., Harper M., & Rando, R.J. (2013). Determination of airborne wood 

dust in Button samples by diffuse reflectance infrared Fourier transform spectroscopy (DRIFTS). Int J 

Environ Anal Chem, 93, 1356-1366.  

[21] McQuaker, N.R., & Sandberg, D.K. (2012). Determination of coal dust in airborne particulate materials by 

automated optical microscopy. Journal of the Air Pollution Control Association, 34, 1134-1136.   

[22] Cm, K., Karigoudar, M.H., & Aithala, M. (2016). Measurement of wood dust particle size by optical 

microscopy technique and long term effect on sawmill workers: A random study.  Asian Journal of 

Pharmaceutical and clinical research, 9, 308-311.  

[23] Shilyon, V., Giess, P., Mitchell, D., & Williams, C. (2002). The characterization of settled dust by scanning 

by electron microscopy and energy dispersive X-ray analysis. Water, Air, and Soil Pollution, 2, 237-246. 

[24] Miller, A.L., Drake, P.L., Murphy N.C., Noll, J.D., & Volkwein,  J.C. (2012). Evaluating portable infrared 

spectrometers for measuring the silica content of coal dust. J Environ Monit, 14, 48–55. 

[25] Vallack, H.W. & Shillito, D.E. (1998). Suggested guidelines for deposited ambient dust. Atmospheric 

Environment, 32, 2737-2744. 

[26] Harrison, R.M., & Perry, R. (1986). Handbook of Air Pollution Analysis, Chapman and Hall, London. 

[27] British Standard Institute. (1972). BSI 1747 methods for the measurement of air pollution par 5, directional 

dust gage.  

[28] Schwar, M.J.R. 1994. A dust meter for measuring dust deposition and soiling of glossy surfaces. Clean Air, 

24, 164-169. 

[29] Beaman, A.L., & Kingsbury, R.W.S.M. (1981). Assessment of nuisance from deposited dust particulates 

using a simple and inexpensive measuring system. Clean Air, 11, 77-81. 

[30] Colinet, J. (2010). Dust Sampling Instrumentation and Methods. Silica Dust Control Workshop. Elko, 

Nevada. September 28.  

[31] Zare, M., Khorramizadeh, M.R. Hazrati, S., Rezazadeh Azari, M., & Gholam Nia. R. (2002). Evaluate 

workplace air, dust and its effect on pulmonary function of workers in a modern cement factory. Ergonomy 

ion Industry and Production. Iranian Ergonomic and Health Factors Society. October 29-30, Tehran, Iran. 

(In Farsi).  

[32] Samadi, S., & Badri Sadat, J. (2004). Investigating the concentration of dust and free silica in the Emarat 

lead and zinc. FEYZ. 28, 84-89. (In Farsi).     

[33] Costella, M.F., Pilz, S.E., & Bet, A. (2015). Dust sample collection and analysis method for assessing the 

risks of explosions of dust in suspension in grain receiving and storing units. 

http://dx.doi.org/10.1590/0104-530X1324-15. 

[34] Personal Monitor. (2018). Thermo Scientific Personal DataRAM pDR-1000AN Monitor. Retrieved from 

https://tools.thermofisher.com/content/sfs/brochures/D19970~.pdf. 

[35] Jamalvandy, M. (2012). The effect of dust on filter contamination rate. M.Sc. Thesis. Ilam University, Ilam, 

Iran.   

[36] Nourmoradi, H., Omidikhaniabadi, Y., Goudarzi, G., Jourvand, M., & Nikmehr K. (2016). Investigation on 

the Dust dispersion (PM10 and PM2.5) by doroud cement plant and study of its individual exposure rates. 

Scientific Journal of Ilam University of Medical Sciences, 24, 64-75. (In Farsi).   

[37] Personal Monitor. (2018). Thermo Scientific PDM3700 Personal Dust Monitor. Retrieved from 
https://assets.thermofisher.com/TFS-Assets/LSG/Specification- Sheets/EPM_PDM3700_0115.pdf. 

[38] Mazzoli, A., & Favoni, O. (2012). Particle size, size distribution and morphological evaluation of airborne 

dust particles of diverse woods by Scanning Electron Microscopy and image processing program. Powder 

Technology, 225, 65-71. 

https://journals.ametsoc.org/author/Desbois%2C+Michel
https://journals.ametsoc.org/author/Vovor%2C+Kwami
https://earthobservatory.nasa.gov/IOTD/view.php?id=83554
https://www.nasa.gov/topics/earth/features/modis-dust.html
https://www.nasa.gov/topics/earth/features/modis-dust.html
https://tools.thermofisher.com/content/sfs/brochures/D19970~.pdf
https://assets.thermofisher.com/TFS-Assets/LSG/Specification-%20Sheets/EPM_PDM3700_0115.pdf


8 

 

[39] Kheiralipour, K. (2012). Implementation and construction of a system for detecting fungal infection in 

pistachio kernel based on thermal imaging (TI) and image processing technology. Ph.D., Thesis. University 

of Tehran, Karaj, Iran. (In Farsi). 


