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For particle monitoring in the 
workplace to be meaningful, sampling 
should be based on the nature of 
exposure to humans. Many 
occupational diseases are associated 
with the location where inhalable 
hazardous airborne particles are 
deposited. Therefore, health-based 
particle sampling should reflect how 
particles penetrate and deposit in the 
various regions of the human 
respiratory system. 
 
In the 1980's and early 1990's, 
committees from the International Organization for Standardization (ISO), the American Conference of 
Governmental Industrial Hygienists (ACGIH), and the Comit Europen de Normalisation (CEN) 
developed an internationally accepted definition of what the sampling criteria should be. These 
committees agreed that health-related sampling should be based on one or more of three progressively-
finer size fractions: inhalable, thoracic, and respirable. 

 
Inhalable 

The curve for the inhalable fraction represents particles that enter the respiratory system via the nose or mouth (D50 
= 100 µm). The total area below this curve is the inhaled fraction of total suspended particles. 

I(d) = 0.5 (1 + e-0.06d) for 0 < d ± 100 µm  

where: 

I(d) = sampling efficiency of inhaled particles as a function of aerodynamic particle diameter (d) in 
micrometers 
D50 = particle diameter corresponding to 50% sampling efficiency  
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Thoracic 

The thoracic fraction is that portion of the inhalable particles that pass the larynx and penetrate into the conducting 
airways (trachea, bifurcations) and the bronchial region of the lung (D50 = 10 µm). 

T(d) = I(d)[1-F(x)]  

where: 

x = ln(d / 11.64 µm) / ln(1.5) 
F(x) = the cumulative lognormal function with a median diameter of 11.64 µm and geometric standard 
deviation of 1.5 
T(d) = sampling efficiency of thoracic particles as a function of aerodynamic particle diameter  

 
Respirable 

The respirable fraction is the portion of inhalable particles that enter the deepest part of the lung, the non-ciliated 
alveoli (D50 = 4 µm). The curve is different from previous definitions used in the United States and Europe and 
represents an international harmonization of the older standards. 

R(d) = I(d)[1-F(x)]  

where: 

x = ln(d / 4.25 µm) / ln(1.5) 
F(x) = the cumulative lognormal function with a median diameter of 4.25 µm and geometric standard deviation 
of 1.5 
R(d) = sampling efficiency of respirable particles as a function of aerodynamic particle diameter  

From these three curves we can identify two additional size fractions: Extrathoracic and 
Thracheobronchial. 
 

 
 
Extrathoracic 

The extrathoracic fraction of inhaled particles are those that fail to penetrate beyond the larynx. The extrathoracic 
fraction is obtained by subtracting the thoracic fraction from the inhalable. 

Extrathoracic = Inhalable - Thoracic  
 
Tracheobronchial 

The tracheobronchial fraction of inhaled particles are those that penetrate beyond the larynx but fail to reach the 
alveoli. The tracheobronchial fraction is obtained by subtracting the respirable fraction from the thoracic. 

Tracheobronchial = Thoracic - Respirable  

It is important to note that these size conventions are only approximations to the behavior of particles in 
the human respiratory tract of healthy adults. Actual particle penetration and deposition will depend on 
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the wind speed and direction, physical variations in individuals, breathing rate, and on whether one is 
breathing through the nose or mouth. 

Threshold Limit Values  

In the United States, the Chemical Substances Committee of the ACGIH is re-examining and 
recommending Threshold Limit Values (TLVs) based on these size fractions with the objective of 
defining: 1) the size fraction most closely associated with the health effect of concern for each material, 
and 2) the mass concentration within that size fraction which should be the TLV. 

Inhalable Particle Mass TLVs are for those substances that are hazardous no matter where they are 
deposited in the respiratory tract. For example, biologically active particles such as pollens and fungi that 
deposit in the extrathoracic airways may cause allergic reactions. Other particles deposited in a similar 
location may cause nasal cancer or be swallowed and cause stomach ailments. 

Thoracic Particle Mass TLVs are for those substances that are hazardous when deposited in the lung 
airways and gas-exchange region. Particles deposited in the tracheobronchial region may cause chronic 
bronchitis or bronchial carcinomas. 

Respirable Particle Mass TLVs are for those substances that are hazardous when deposited in the non-
ciliated gas-exchange regions of the lung. Diseases of the alveolar regions include pneumoconiosis and 
emphysema. 

In the 1996 ACGIH TLV and BEI Handbook, you will still find TLVs expressed in terms of "total" 
particulate. This term is ill-defined since no sampling method has 100% sampling efficiency. These TLVs 
will eventually be replaced with one of the above internationally accepted terms: inhalable, thoracic or 
respirable. Publications showing side-by-side comparisons of older "total" samplers with newer inhalable, 
thoracic and respirable samplers will aid in the development of appropriate new TLVs. 

In the United Kingdom, the Health and Safety Executive (HSE) have already taken the step to change all 
occupational exposure standards (OESs) from the old "total" term to "inhalable". Similarly, the German 
Commission specifying maximum workplace concentrations (MAK) have adopted the respirable and 
inhalable criteria. 

Sampling Methods: Area and Personal  

The concentration of airborne particles can be measured using either a stationary area sampler or a 
personal sampler worn in the breathing zone of the worker. In static area measurements, a sampler is 
located in the workplace atmosphere to assess the exposure of ambient aerosols to a group of workers. To 
assess a given individual's exposure, a personal sampler is mounted on the torso and travels with the 
worker at all times. 
Considerable debate exists about which of the two alternatives is preferable. Comparison studies have 
shown that in most cases, personal sampling consistently gives higher aerosol concentration 
measurements than area sampling. The higher concentrations surrounding a worker may be a result of 
aerosols generated from the work activity or particles released from clothing, hair, skin, and body fluids. 
Area sampling has the advantage of requiring fewer samplers. The samplers are less intrusive to the work 
activity and do not require worker cooperation. It can be a simple and cost-effective way to monitor the 
work atmosphere of a large workforce. Area sampling can also be used to identify sources of particles and 
to evaluate engineering controls. 
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Personal sampling is generally accepted as the best way to assess the true exposure of an individual 
worker. Personal sampling requires a separate sampler for each exposed worker and thus more time is 
needed to prepare and analyze an increased number of samples. Obtaining a valid sample requires 
cooperation from the worker and care must be taken that the sampler and pump do not interfere with the 
work activity. 

Sampling with the RESPICON™ Model 8522  

TSI's patented RESPICON Particle Sampler Model 8522 was specifically designed to meet the new 
internationally accepted size-selective sampling criteria. The RESPICON measures all five particle-size 
fractions simultaneously. Particles that fall in the inhalable, thoracic and respirable fractions are collected 
directly on the filters. From these measurements, the extrathoracic and thracheobronchial fractions are 
calculated. 
An optional inlet module is designed to give a 2.5-µm cut in place of the 4-µm cut. The 2.5-µm size cut 
corresponds to the size frequently measured for outdoor ambient air quality studies. The optional 2.5-µm 
module does not effect the inhalable or thoracic measurement. 

The collected particles can be analyzed using conventional methods: gravimetric weighing, chemical 
analysis or microscopic observation. The mass of the particles is determined by weighing the filters 
before and after sampling. The mass concentration within each fraction is easily calculated by hand or by 
using a computer spreadsheet template. 

The RESPICON sampler can be used for both personal and area monitoring. For personal breathing-zone 
measurements, the compact sampler easily attaches to a chest harness. For area monitoring, the sampler is 
placed on a flat surface or thread-mounted onto a tripod. 

Bibliography  

1996 TLVs and BEIs: Threshold Limit Values for Chemical Substances and Physical Agents, Biological 
Exposure Indices, American Conference of Governmental Industrial Hygienists (ACGIH), 1330 Kemper 
Meadow Drive, Cincinnati, OH, 45240-1634, 1996 

Particle Size-Selective Aerosol Sampling in the Workplace, Some Practical Application Issues, American 
Industrial Hygiene Association (AIHA) Aerosol Technology Committee, AIHA Press, 2700 Prosperity 
Ave. Suite 250, Fairfax, VA 22031, Stock No. 245-SI-96, 1996 

Size Fraction Definition for Measurement of Airborne Particles, European Standard EN 481: 1993E, 
CEN European Committee for Standardization, rue de Stassart 36, B-1050 Brussels, Belgium. 

"How a Virtual Impactor Works," TSI Application Note #ITI-051, TSI Incorporated, Health and Safety 
Instruments Division, St. Paul, Minnesota, 1997. 
"Measurement of Coarse Aerosols in Workplaces: A Review," James H. Vincent, Analyst, January 1994, 
Vol. 119. 


	Inhalable
	Thoracic
	Respirable
	Extrathoracic
	Tracheobronchial
	Threshold Limit Values 
	Sampling Methods: Area and Personal 
	Sampling with the RespiCon™ Model 8522 
	Bibliography 


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


