                                               Particulates
What are particulates? 

Particulate matter is the name given to solids or liquids that are distributed in a gas. In the workplace, most often the term "particulates" refers to particles, dust, mist or fume that has become suspended in the surrounding air. The hazard with airborne particulates is that a person may breathe in the chemical that, may have ill effects on an individual's health. 

	


What are the parts of the respiratory system that can be affected? 

The diagram below shows the parts of the respiratory system. It can divided in two systems - the upper airway passages and the lower airway passages. The upper airway passages includes the nose, nasal passages, mouth and the pharynx down to the vocal cords in the larynx (voice box or "Adam's apple"). The lower airway passages start at the vocal cords, extend down the trachea (windpipe) and continue all the way down to the small air sacs, (alveoli) at the end of every branch of the bronchial tree. The bronchial tree includes the trachea, the bronchus (branches of the trachea going to each lobe of the lung), and bronchioles (branches of the bronchi). 
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How are particulates deposited in the lungs? 

Inhalation is the most important route of exposure in the workplace. When particles are in the air, there is the chance that you will inhale them. How far the particle gets in the air passages of the respiratory system, and what it does when it is deposited, depends on the size, shape, and density of the particulate material. The "what happens" also depends on the chemical and toxic properties of the material. 

Particles are deposited in the lungs by one of four different ways: interception, impaction, sedimentation, and diffusion. 

Interception: A particle is intercepted or deposited when it travels so close to a surface of the airway passages that an edge of the particle touches the surface. This method of deposition is most important for fibres such as asbestos. The fibre length determines where the particle will be intercepted. For example: fibres with a diameter of 1 micrometre (µm) and a length of 200 µm would be deposited in the bronchial tree. 

Impaction: When particles are suspended in air, they have a tendency to travel along their original path. When there is a bend in the airway system, for example, many particles do not turn with the air but rather impact or stick to a surface in the particles' original path. The likelihood of impaction depends on the air velocity and the particle mass. 

Sedimentation: As particles travel through air, gravitational forces and air resistance eventually overcome their buoyancy (the tendency for the particle to stay up). The result is that the particles will settle on a surface of the lung. This type of deposition is most common in the bronchi, and the bronchioles. Sedimentation is not an important factor when the aerodynamic diameter of the particle is less than 0.5 µm. Aerodynamic diameter is the diameter of a spherical particle that has the same settling velocity as another particle regardless of its shape, size or density. Using aerodynamic diameters allows occupational hygiene specialists to compare particles of different sizes, shapes and densities in terms of how they will settle out of the air flow stream. 

Diffusion: The random motion of particles is similar to gas molecules in the air when particles are smaller that 0.5 µm. When particles are in random motion, they deposit on the lung walls mostly by chance. This movement is also know as the "Brownian motion". The smaller the particle size, the more vigorous the movement is. Diffusion is the most important mechanism for deposition in the small airways and alveoli. 

	





What are the factors influencing where particulates are deposited? 

	Factors Influencing Particle Deposition in the Respiratory System

	Size of Particle
	Area of Respiratory System most likely to be deposited
	Method of Deposition
	Directional change of air movement
	Air Velocity 

	5 - 30 µm
	Nasopharyngeal Region 
(Upper airway passages - nose and throat)
	Impaction
	very abrupt
	++++

	1 - 5 µm
	Trachea, Bronchial and 
Bronchiolar Region 
(windpipe and larger branches of the lungs)
	Sedimentation
	less abrupt
	+++ 

to 

++

	1 µm or less
	Alveolar Region 
(Smaller branches of lung and the air exchange area)
	Diffusion
	mild
	+ to 0


Adapted from: Klassen et al, 1986. Casarett and Doull's Toxicology: the basic science of poisons, 3rd edition. p. 343 

In general, particles having an aerodynamic diameter of 5 to 30 µm are deposited in the nasopharyngeal region (upper airway passages - nose, nasal cavity and throat) largely by impaction. This mechanism is prominent because of the high air speed and the many turns in the nasopharyngeal air way. The changes in airflow direction cause many particles to hit the walls of the air passage and so the particles deposit or settle in this region. 

Smaller particles with an aerodynamic diameter of about 1 to 5 µm are deposited in the tracheobronchial region (trachea [windpipe], and upper bronchial tubes [upper lung area]). Sedimentation is the most common method because at this point the air has slowed enough for particles to "settle" out. 

When the air gets to the alveolar region (the lower lung area), it has slowed even more. The air is essentially calm. Particulates that make it this far into the lungs are usually 1 µm or smaller. 

They enter the lung essentially by randomly landing on the membrane or other parts of the lung. 

Because different sized particles deposit in different areas of the lung, nose or throat, the American Conference of Governmental Industrial Hygienists (ACGIH) is recommending that the concept of particle size-selective limits be incorporated in their occupational exposure limits, the Threshold Limit Values (TLVs). The ACGIH uses the terms inhalable, thoracic, and respirable particulate mass for TLVs for particulates that are hazardous when inhaled. 

Inhalable Particulate Mass-TLVs are for materials that are hazardous when deposited anywhere in the respiratory tract. Thoracic Particulate Mass-TLVs are assigned to materials that are hazardous when deposited anywhere within the lung airways and the gas-exchange region (the lower airways passages). Respirable Particulate Mass-TLVs are for particulates that are small enough to reach the gas exchange region and are hazardous only if they are deposited in that region. 
                                         Fine Particulate Matter

What is fine particulate matter?

Particulate matter is characterized according to size - mainly because of the different health effects associated with particles of different diameters. Particulate matter is the general term used for a mixture of solid particles and liquid droplets in the air. It includes aerosols, smoke, fumes, dust, ash and pollen. The composition of particulate matter varies with place, season and weather conditions. Fine particulate matter is particulate matter that is 2.5 microns in diameter and less. It is also known as PM2.5 or respirable particles because it penetrates the respiratory system further than larger particles.

PM2.5 in Ontario is largely made up of sulphate and nitrate particles, elemental and organic carbon and soil.

What are the sources of fine particulate matter?

PM2.5 material is primarily formed from chemical reactions in the atmosphere and through fuel combustion (e.g., motor vehicles, power generation, industrial facilities residential fire places, wood stoves and agricultural burning). Significant amounts of PM2.5 are carried into Ontario from the U.S. During periods of widespread elevated levels of fine particulate matter, it is estimated that more than 50 per cent of Ontario's PM2.5 comes from the U.S.

	PM2.5 Composition/Emissions 

	Pie Chart
	Category
	Percent
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	Elemental and Organic Carbon1 (Combustion Related)
	30% - 50%

	
	Sulphate4
	30% - 40%

	
	Nitrate2
	10% - 20%

	
	Soil3
	3% - 10%


Notes:

1. Transportation, wood burning, utility/commercial fuel combustion, plus secondary organic aerosols formed from precursor VOC emissions. 

2. Formed from NOx emitted from regional and local sources: transportation, utilities, and industries. 

3. Fugitive dust (paved roads, construction), and industries. 

4. Formed from SO2 and SO4 emitted from regional and local sources: oil and coal-fired utility and commercial/industrial boilers, small combustion sources, transportation, smelters. 

What are the effects of fine particulate matter?

The greatest effect on health is from particles 2.5 microns or less in diameter. Exposure to fine particulate matter has been associated with hospital admissions and several serious health effects, including premature death. People with asthma, cardiovascular or lung disease, as well as children and elderly people, are considered to be the most sensitive to the effects of fine particulate matter. Adverse health effects have been associated with exposure to PM2.5 over both short periods (such as a day) and longer periods (a year or more). 

Fine particulate matter is also responsible for environmental effects such as corrosion, soiling, damage to vegetation and reduced visibility.

The following table shows the health effects of different AQI levels caused by fine particulate matter.

	Health effects of different Air Quality Index (AQI) levels caused by fine particulate matter 

	Category
	AQI
	Fine Particulate Matter (PM2.5)
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 Very Good
	0 - 15 
	Sensitive populations may want to exercise caution.
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 Good
	16 - 31
	Sensitive populations may want to exercise caution.
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 Moderate
	32 - 49
	People with respiratory disease at some risk. 
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 Poor
	50 - 99
	People with respiratory disease should limit prolonged exertion; general population at some risk.
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 Very Poor
	100 or over
	Serious respiratory effects even during light physical activity; people with heart disease, the elderly and children at high risk; increased risk for general population. 


