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Definitions and Types of Contaminants 
in Air

• Aerosols‐An aerosol is a suspension of solid particulates and/ or liquid droplets in a 
gas. The term aerosol, derives from the observation that matter diffusing or 
settling in air is a suspension in a fluid‐the fluid here being air.

• Smoke‐Extremely small solid particles, generally produced during incomplete 
combustion processes, such as from the burning of coal. Smokes also carry ash 
particles in suspension and can include soot, cinders, tar materials, and the 
gaseous material they are suspended in.

• Dusts –These are solid particles projected into air by natural or mechanical forces. 
Most dusts are formed by the breakdown of larger particles. A dust is usually 
assumed to be less than 100 microns in diameter. Dusts can be of mineral sources 
(metals, rocks, sand etc) or even from animal or vegetable origin (grain, flour, 
pollen or even lint). A dust is an aerosol.

• Fiber in Air‐a fiber is a dust of a special case . It is generally understood that a fiber 
has a length to width aspect ratio of 3:1 or greater. An example is asbestos 
because it splits longitudinally (as well as horizontally) making fibers of greater 
aspect ratio in these splits. Fibers in air are aerosols—other fibers can be cotton 
fibers.

• Mists‐Suspended liquid droplets in air generated through condensation from the 
gaseous state or generated through agitation or atomization of a liquid by 
mechanical means. A mist is an aerosol.



Definitions and Types of Contaminants 
in Air

• Fog‐A fog is closely associated with a mist but it is usually limited to airborne 
droplets which form due to condensation from the vapor state. The most 
important natural fog is of course water droplets formed by the condensation of 
water vapor in air. A fog is an aerosol.

• Smog‐this is a composite of fog, smoke, fumes and /or mists that is anthropogenic. 
Smog is an aerosol.

• Fumes –Fumes are solid particles that result from condensation from the vapor 
state of material –which are usually solid. This can occur of course in smelting 
operations when you have molten metals and the resulting fume is a metal oxide 
because of a reaction of the metal with oxygen in the atmosphere. Fumes often 
aggregate into clumps.

• Vapors –A vapor is the gaseous phase of a substance that is generally a liquid at 
STP (could be a solid). Examples are water, mercury, and volatile organic 
compounds. Solids like camphor, dry ice, water‐ice and iodine produce vapors by 
sublimation‐going directly from a solid to a vapor. A vapor acts like a gas when in 
the vapor state. A vapor could be part of an aerosol if it also contains suspended in 
it liquid or solid particulates.

• Gas –formless fluids that occupy a space completely and diffuse freely in a space 
by diffusion and advection. Gases are really vapors which are at STP far above their 
boiling point. All gases can be made into liquids or solids if temperature is reduced 
sufficiently and pressures are made higher. Gases can be part of an aerosol in the 
same way that vapors may be a component of the aerosol.



Direct and Indirect Air Contaminant 
Exposure Assessment

• Direct monitoring methods for exposure measurements 
include the use of personal air monitors (contaminant 
specific) and/or analysis of human tissue and/or biological 
fluids. (Will cover human biomonitoring in a latter lecture)

• Indirect methods can include:
1. sampling in combination with questionnaires and time‐

activity logs. 
2. Ambient air monitors can also be used to estimate 

exposures when combined with information such as 
building characteristics, indoor/outdoor 
microenvironmental contaminant ratios and time‐activity 
patterns.
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Selection factors for instruments and 
methods‐ Sensitivity

• The magnitude and duration of contaminant 
exposure define the sensitivity required. As a 
general guide, one order of magnitude below and 
above the concentration of interest is desired.

• Reproducibility (precision) as measured by 
percentage relative error should be below 5%. 
Sensitivity is usually inversely proportional to 
integration time or amount of sample collected.
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Selection factors for instruments and 
methods‐ Selectivity

• Response to a specific compound or analyte 
without interferences. In some cases, non‐
selective instruments may be appropriate if 
exposure situation (e.g., sources, emissions) 
are understood.

• Specific or selective response may require 
more expensive equipment or more time‐
consuming analytical procedures.
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Selection factors for instruments and 
methods‐ Response Rate

There are two aspects of response rate: 
(i) time required for instrument to respond to 90% of a
step change in concentration 
(ii) time required between sampling and final processing of data. 

The appropriate instrument response rate depends, in part, on the 
relationship between the contaminant and the health effect of 
interest. 

• Acute effects may require instrument methods that can resolve 
exposures over intervals of minutes. 

• If health effects from chronic exposures are of primary concern or 
the metabolic half‐life is long, then rapid response is not necessary.
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Selection factors for instruments and 
methods‐ Portability

• Instruments and sampling procedures should 
not modify behavior of subjects. 

• Portability includes size, weight, noise, power, 
and safety considerations. 

• Portability will influence study design and 
usually involves a tradeoff with sensitivity and 
response rate (e.g., integrated samples rather 
than continuous).
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Selection factors for instruments and 
methods‐ Durability

• Instruments used for air sampling are 
subjected to a broad range of conditions. 

• Since temperature and humidity are 
potentially interferents and are not easily 
controlled, the performance of 
instruments/methods must be fully evaluated.
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Selection factors for instruments and 
methods‐ Cost

• Instrument cost and analytical expenses will 
influence study design. 

• It may be necessary to trade off sample cost 
for accuracy, precision, and response rate. 

• Increasing the number of samples per subject 
and/or the number of subjects, or relaxing 
resolution requirements could compensate for 
the use of less expensive methods.
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Gases and vapors ‐ Passive samplers

• PASSIVE SAMPLING...is defined as the 
collection of airborne gases and vapors at a 
rate controlled by a physical process such as 
diffusion through a static air layer or 
permeation through a membrane WITHOUT 
the active movement of air through an air 
sampling pump.



Passive Diffusion Based on Fick’s First 
Law

Fick’s first law (in one dimension) is J= –D(dC/dx) 
where J is the dispersive flux density[ M/L2T], 
D is the Fickian mass transport coefficient‐
“diffusion”coefficient [L2T], C is the 
concentration of the agent [M/L3], x is the 
distance [L] and the minus sign shows the 
concentration gradient to be negative.



Gases and vapors ‐ Passive samplers

• Passive air samplers are probably the most convenient tool for conducting large‐
scale personal exposure assessments because they are small, inexpensive and easy 
to use.

• However, sampling rates are of the order of 10‐50 ml/min and absorbing capacity 
is limited. 

• Passive samplers operate on the principle of molecular diffusion. The rate of 
diffusion is related to the diffusion coefficient of the compound, the cross‐
sectional area of the absorbing surface and the length of diffusion path. 

• Specific information on the calculation of sampling rates can be obtained from the 
manufacturers.

• The collection mechanism relies either on physical‐chemical absorption or 
adsorption or chemical reactions. 

• The samplers for inorganic gases rely on reaction of the contaminant with a 
chemical coating on the collection surface. 

• The samplers for VOCs typically rely on absorption by a liquid or adsorption by a 
solid collection medium. 

• Selection and use of passive samplers should take into consideration potential 
sources of error such as wind effects, temperature, humidity and interfering gases.
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Passive Sampling Using an
SKC Diffusive Sampler

A passive sampling method for VOCs using a diffusive 
sampler manufactured by SKC. With this sampler, VOCs 
diffuse onto the sorbent at a fixed, defined rate determined 
by the specific chemical and the geometry of the sampler. 
The sorbent is then poured from the sampler via an internal 
funnel into a tube for thermal desorption and gas 
chromatographic analysis. The active passive sampling 
method is capable of measuring target compounds in the 
low parts‐per‐billion (ppb) and parts‐per trillion (ppt) 
concentration range.

Passive Diffusion Sampler Example for VOC’s

Sampling/Uptake rate ‐ Varies by compound; average sampling rate is
approximately 13 ml/min. SKC and the U.S. OSHA Testing Lab have
experimentally verified the uptake rates of many chemicals using SKC passive
samplers. Because the badge housing is the same for both the SKC 575 and
590 Series passive samplers, the sampling rates are equivalent for both provided
similar sorbents are used. Additional information on sampling rates using
Chromosorb 106 is available.

http://www.skcinc.com/instructions/1667.pdf



Active Samplers

• There are many commercially available liquid‐media samplers for 
reactive and soluble gases, such as liquid‐containing bottles, and 
solid‐sorbent tubes for insoluble and non‐reactive gases and 
vapors.

• Solid sorbents include activated charcoal, silica gel, porous 
polymers or other materials. 

• Pollutants are transported with the carrier gas (air), and are 
captured by collecting media. 

• The most frequently applied mechanisms in the collection of air 
pollutants in these media are chemical reactions (e.g., acid‐base 
and color‐forming), and absorption/adsorption of the pollutant 
molecules on collecting media.

• Solid sorbent collection efficiency depends on contacting surface 
area, air flow rate, temperature, humidity and presence of 
interfering compounds.
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Active sampling consists of the collection of a known 
volume of air and depositing of the contaminant 
being investigated upon the appropriate collection 
medium. 
To determine full‐shift employee exposure levels to 
chemicals in the workplace, it is necessary to 
evaluate the Time‐Weighted Average (TWA) 
contaminant concentration. Integrated sampling 
methods using rechargeable, battery‐powered, 
personal sampling pumps are used for TWA 
sampling. The pumps operate over a wide range of 
flow rates and are suitable for evaluating most 
airborne chemical exposures encountered in the 
workplace. The pumps provide a measured air flow 
for time periods of up to a full work shift, and are of 
a size and weight to be considered portable. 

Calibration of a low flow pump with 
sorbent tube

Active Sampling Example

http://www.travelers.com/iwcm/Business/RiskControl/laboratory/Documents/Tr
avelersAirSamplingFieldInstructions.pdf



Direct Reading Instruments

• The concentration of gases and vapors (e.g., carbon 
monoxide, sulfur dioxide) in an individual's breathing zone 
can also be determined with the use of portable direct‐
reading instruments.

• Commercially available direct‐reading instruments have 
data logging capabilities to store measurements at a rate of 
1 s‐1. 

• Depending on the frequency of measurements, these 
instruments can operate up to 2 weeks continuously. 
Instrument software allows for direct calculation of 
concentrations with different averaging times and statistical 
analysis of the data.
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Aerosol Sampling

• At present, active sampling is the only feasible way to perform 
exposure assessments on particulates directly. 

• Active particle samplers operate by drawing aerosols into a sensor 
or on to a collection surface (e.g., a filter) by means of a pump 
(Hinds, 1982; Lehtimäki & Willeke 1993). 

• Large stationary samplers that operate with a standard flow rate of 
approximately 1000 litre/min are available commercially and are 
useful for collecting large sample volumes. 

• Small stationary samplers that operate with flow rates in the range 
of 1‐10 litre/min are also commercially available. Both sizes are 
available in configurations that allow for sampling of total 
suspended particulate matter (i.e., not size separated) or specific 
size fractions (e.g., PM2.5 or PM10). 

• Personal aerosol samplers that allow collection of total inhalable 
particulate matter of specific size fractions are also available.
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Sampling by Particle Size
• Cyclones can collect suspended particulate matter of various sizes depending on 

the geometry of the cyclone and the flow rate. 
• Cyclones operate on the principle of centrifugal forces that drive particles in the 

direction of the outer wall of the cyclone (Hinds, 1982). Particles with aerodynamic 
diameter greater than the cut‐point of the cyclone impact upon the wall and/or 
the bottom of the cyclone. Particles with aerodynamic diameter less than the cut‐
point remain in the air stream and are collected on a filter downstream.

• Impactors rely on inertial forces to separate particles based on aerodynamic 
diameter. Air is accelerated through a nozzle or jet and then forced to make a 90°
turn around an impaction plate before passing through a filter and exiting the 
sampler. 

• Depending on their size, particles suspended in the air stream pass through the 
acceleration nozzle and then either remain entrained in the flow or collide and are 
retained on the impaction plate. The cut‐point of an impactor is determined by the 
flow rate, jet size and shape (e.g., the distance between the jet and the impaction 
surface) (Pastuska, 1988; Lehtimäki & Willeke, 1993). The air flow rate must be 
calibrated carefully because correct size selection depends largely on precise flow 
rates.
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Active Sampling‐Particulates‐
Gravimetric Methods

• Filters are made either from fiber mats of glass, cellulose or quartz 
or from synthetic membranes (e.g., Teflon). 

• The selection of appropriate filters depends on the pump, filter 
static pressure, collection efficiency, extraction and analytical 
requirements, and the potential for sampling artifacts. 

• Filter mass is determined by weighing the filter under controlled 
temperature and humidity conditions before and after use 
following a conditioning period of at least 24 h at those same 
conditions. 

• The collected mass can be extracted and analyzed for chemical 
composition. The extraction and analysis procedures used depend 
on the analyts of interest. A summary of methods for extraction 
and analysis of components of particulate matter may be found in 
Koutrakis & Sioutas (1996).
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Semi‐Volatile Compounds

• For airborne contaminants that are present in both the particle and 
the vapor phase at typical environmental conditions, it is necessary 
to use a combination of sampling methods. 

• The most common approach consists of an aerosol sampling inlet 
(with or without size preselector) followed by a sorbent cartridge or 
tube.

• Examples of such contaminants include airborne PAHs, pesticides, 
polychlorinated biphenyls (PCBs), dioxins and furans. 

• Semivolatile sampling systems are commercially available for 
personal air monitoring. 

• Extraction and analysis of these samples are done separately for the 
particle and vapor phase and then the results are combined to 
provide a total concentration. An introduction to sampling and 
analysis methods for
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