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Airway Anatomy
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The Lungs
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* Physical and chemical characteristics of the
particle

* Properties of the particle kinetics in air

* Biological factors
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— 150 Microns _ Average Human Hair
25 Microns _ Lint, Particles Visible to the Naked Eye
10 Microns _ Heavy Dust, Lint, Fertilizer, Pollen
5-10Microns  _ Average Dust, Plant Spores, Mold
1-5Microns _ Bacteria, Light Dust. Animal Dander
0.3 - 1 Microns _ Bacteria, Tobacco and Cooking Smoke, Metallic Fumes

—  0.001-0.01 Microns _ Viruses
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Voshaar T. Therapie mit Aerosolen » 2005 « Uni- Med: Bremen

PM = Particulate Matter

Inhalable particles are
particles 10um and smaller

PM,: particles with a
diameter between 2.5-10um

PM, s: particles with a
diameter between 0.1-2.5um

Ultrafine: less than 0.1um

https://en.wikipedia.org/wiki/Particulates

é Gas Molecules  Particulate Contaminants ~ Types of Dust Biological Contaminants %
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Predicted lung
Deposition by
size

Foster & Costa. A \
Lung Biology in
Health an
Disease. 2005
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Biology of individual

Different people have different tidal volumes, lung
volumes & breathing rates

EXPOSURE =»DOSE =»RESPONSE

Deposition increases with: increasing tidal volume
(larger person = larger tidal volume); increased
resistance; and mouth versus nose breathing
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Particles get trapped in mucus layer (1)
Two main g!ﬁ\;ﬁdsgil/lz\;\;?s\z the mucus and particles up and out (2)
methods:

Upper
Rirways:
1.physical
removal

clearance
Time:
~2-24 hours
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Lower Rirways
2.Abhsorption

clearance Time:
>24 hours -
Months

* Location matters
* Size matters

* Total number matters
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Biologic alterations in clearance

Drugs Age Physical Lung
activity disease
Immune
system

Smoking Air
pollution
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https://www.epa.ie/air/quality/index/ Five air pollutants which
Nitrogen
Ozone diox
Four Running 8- 1-hour 1-hour
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Range of Average DPM Exposures, ug/m?3.
(1] 800 1600 240
Grrrrrrrrrrrrerryrrrrirroea

A=Underground Metal and Nonmetal Mine

B=Underground Coal Miners
C=Surface Miners

D=Railroad Workers

c E=Truck Drivers
D F=Dock Workers
EI G=Ambient Air (Urban)
F I4 Proposed ACGIH TLY =
ol ¥/ CROSH
MSHA Toolbox m...‘;'u._.L'.';‘,';;_: e e e
* Canada: 400ug/m?3 [8hr TWA]
* USA: 120ug/m3 [8hr TWA]
* Australia: 100ug/m?3 [8hr TWA]
* Where do these numbers come from?
* What is an actual safe level from a health perspective?
* No ‘known’ safe level of DPM exposure exists
* How can | say this? ® . croSH
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Respiratory
related
deaths

Summary of Evidence for respiratory and cardiovascular disease in association with ambient air pollution; adapted from Peters and Dockery: Lung Biology
in Health and Disease Volume 204.

Experimental Data

Diesel Particulate Matter

Oxidative
stress

Summary of Evidence for experimental data on DPM; adapted from Peters and Dockery: Lung Biology in Health and Disease Volume 204
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Cardiovascular Effects
Two Effects:

* Diesel Particulates
directly damage
vessel wall

*Induced
inflammation
increases stickiness
of the vessel wall
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=
a\j Pre-existing conditions
/a People who Smoke

rf.:*- People with Diabetes

s People with High Blood
' Pressure

ll People who are overweight éﬁ CROSH

GCancer risk
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Organization | Animal Human Overall
& year Data Data evaluation

NIOSH ‘88 Confirmatory Limited Potential Occupational carcinogen

IARC ‘89 Sufficient Limited Probably carcinogenic to Humans

IPCD 96 Not evaluated Not evaluated Probably carcinogenic to humans

EPA ‘98 Demonstrated Consistent evidence for DPM classified as a toxic air contaminant
carcinogenicity a causal association

NTP ‘00 Supporting animal & Elevated lung cancer in DPM-reasonable anticipated to be a
mechanistic data occupationally exposed carcinogen

groups

EPA ‘02 Adequate evidence Probable human Probably human carcinogen (Group B1)

for carcinogenicity carcinogen “Likely to be carcinogenic to humans by

inhalation” and this evaluation applies to
environmental exposures.”

IARC’12 Adequate evidence Human Carcinogen Designated human carcinogen (Group 1)
for carcinogenicity

Adapted from: Foster & Costa: Lung Biology in Health and Disease; Vol 204

* Starts from a single cell that has had multiple attacks
causing changes to the cell’s genome.

* Causes abnormal replication.
* Cancer cells do not respond to normal growth regulatory
signals, from other cells
* As the cells multiply they continue to mutate allowing
them to flourish at the expense of surrounding cells
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* Diesel particulate matter has within it many different chemicals
* Some of which are known carcinogens (NO2-PAHS)

* Many of which are capable of producing oxygen radicals & oxidative
stress (which can also cause genetic mutations)
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The Air We breathe...
Particle deposition in the alrways.

MDEC Conference

October 8, 2019

10:30-11:30 AM ®
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Conference Reference

The material presented should not be
reproduced without permission from:

sdorman@]laurentian.ca

To reference:

S.C. Dorman. The Air We Breathe. CROSH
MDEC Conference, Toronto ON, October 8, 2019.
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www.CROSH.ca
CROSH@Ilaurentian.ca

@CROSH_CRSST

centre for research in  centre de recherche sur la
occupational safety and health  santé et sécurité au travail
atl ian University & I'Université L i

Sandra Dorman
Director, CROSH
Tel: 705-675-1151 ext. 1015
E-mail: sdorman@laurentian.ca

Tammy Eger, Ph.D.
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Tel: 705-675-1151 ext. 1005
E-mail: teger@laurentian.ca

Alison Godwin, Ph.D.
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entre for ‘esearch in 'ccupational -~ afety and ' ealth

CROSH brings together industry, labour groups, safe workplace associations, government organizations

and researchers to solve important occupational health and safety issues with the goal of achieving
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