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Pyramid of Effects

— Number of people affected —*


Presenter
Presentation Notes
From these studies – some of which have focused on WS specifically – we know that exposure to particles in wood smoke may result in 

irritation and inflammation of the respiratory tract, manifested as increased incidence - severity/frequency- of 

rhinitis, 

cough, 

wheezing, 

worsening of asthma ,

acute bronchitis, 

acute respiratory infections, 

and death.



Increased plasma viscosity

Elevated HR

Decreased HR variability

Pulmonary inflammation

Decreased lung function



“Pyramid of Effects” represents concept of Coherence 

the biological congruence of effects found across studies.



The more severe the effect, the more infrequent it is relative to other less severe effects.



Review of the PM NAAQS, respiratory system effects reported in epi studies include premature mortality and increased hospital and ER admissions for respiratory-related causes, as well as increased respiratory disease and symptoms, such as decreased lung function.   Mortality is just the “tip of the iceberg”
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Photo: Darrington, WA



Larsen found that 80-90% of the PM measured in the PS area ambient air was due to use of wood burning devices during nighttime hours




Nighttime Burning - Jan. 9, 1992

Particulates

Micro Grams f Cubic Meter

200

150 -

I

50

................................................................................................

0015 0215 0515 0745 1015 1245 1515 1745 20015 22°45




’ -TJ-.'..T
SIuBlENs 2 local ana'reglon B
0ronlem S accumuatesin Aleas




"[RO 910g " phy,ﬂ;fe_éts-eﬂ‘-’b“'

Wood Srrgie
ongemrm_ S
riear velle
'rloorJ._-__AV a
sOISISIEN
- faeie Jof WO OrF
E_i.‘fﬁ“ree tImes - -
= petween -
Hdeeline and
valley smoke
levels



Presenter
Presentation Notes
Photo: Yukon



In winter smoke tends to accumulate in low areas



Some authors have attributed the relatively weak associations between central site monitor data and health endpoints in Seattle to this variance

Thus topography can affect epi study outcomes 



So RWS is a prominent contributor to PM exposure even if you don’t burn wood yourself.  



Transition:   

Returning to the question of “How much ambient PM is RWS”  -  One method that uses air samples (as opposed to inventory-CMB) to tell us how much is…. 



------------------------------------------------------------------------------

Several PM health studies for Seattle found few statistically significant relationships, attributed by the authors in part to the fact that Seattle has topographically diverse terrain with local “hot spots” of residential wood burning, especially in winter (WS in low-lying neighborhoods made up 54 to 82% of PM10 during winter months in Seattle



Researchers have explored reasons for these findings, particularly focusing on adjustments for location by use of a “topographic index” that includes “downstream” normal flow of wood smoke from higher elevations and trapping of wood smoke in topographic bowls or basins even at higher elevations

----------------------------------------------------------------------------------
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Presentation Notes
The AQP wants to use its PM monitoring data together with public heath data to further explore the exposure-effects associations 



Looking at a sample of data from Yakima, this interest seems justified



Respiratory illnesses = ICD 9   460-519
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Smoke is made of liquid and solid particles and gasses



The gasses CO, NOx, SOx do not usually pose significant risks at the levels present



However a lot of chemicals are present in smoke, with a spectrum of toxicity mechanisms. 

At one end - Semivolatile formaldehyde and acrolein (for e.g.) are eye and respiratory membrane irritants 

At the other end - Some chemicals in smoke, like benzene (a volatile) and formaldehyde, are carcinogenic
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Acrolein (an aldehyde)

— Short term symptoms
Include stinging and
tearing eyes, nausea and
vomiting.

— Long term exposure risk
IS: Chronic respiratory
disease

RX410-5A-19-EP



Formaldehyde

— Short term symptoms
include irritated eyes,
nose and throat.

— Inflammation of mucous
membranes

— Long term exposure risk
IS nasal and
nasopharyngeal cancer.

RX410-5A-20-EP



Benzene

— Short term symptoms are
headaches, dizziness,
nausea and breathing
difficulties respiratory ,
eye irritation

—Long term exposure
risks are anemia, liver
and kidney damage, and
cancer, especially
leukemia, changes in
blood cell ratios.

RX410-5A-21-EP
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This is due, in part, to the nature of the two pollutants

Ozone is a simple molecule, with straight forward effects in the airways

PM is a complex mixture of microscopic solids and liquid droplets

Some of the components of particles, like sulfates and nitrates, react chemically on the surface of the airways

Some components, like the transition metals (iron, nickel, vanadium and copper), act as catalysts in the formation of reactive oxygen species, such as peroxides

Some components function as immunologic stimuli…these can include pieces of pollens, fungal spores, other allergens and bacterial endotoxin 

This complex mixture has complex effects on the human body
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Intrapulmonary Blood Circulation: SChema
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Presentation Notes
 Key Points In bold

  In recent years, researchers have discovered that fine particles can have a large impact on the heart.

The heart and lungs work together in many ways. Because of this, the particles that penetrate into the deepest parts of the lungs can cause changes to the lungs that, in turn, affect the heart. But there is also evidence that particles may affect the heart directly.

Fine particles have been linked to more subtle changes that can be indicators of decreased cardiac health. Those include:

 Changes in heart rate, or the number of beats per minute

 Changes in heart rate variability, which is the change in heart rate across time. Decreased heart rate variability is a risk factor for having heart attacks.

 Changes in blood components. These changes can be signs of inflammation (C-reactive protein) or indicators of that potential blood clot formation (fibrinogen, plasma viscosity).

 Cardiac arrhythmias, or changes in the electrical pattern of the heart 

Fine particles have also been linked to serious health effects, such as heart attacks.
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 Wood Smoke Versus Cigarette Smoke

An EPA Study concludes that breathing
wood smoke particles during high pollution
days is equivalent to smoking 4 to 16
cigareties.

"some of the same strong cancer
causing chamicals found in cigarelte
smoke have also been found o be

abundant i wond smoke”
Howra: Capoar  [1053
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Presenter
Presentation Notes
This “Pyramid of Effects” represents concept of Coherence – the biological congruence of effects found across studies.

Review of the PM NAAQS, respiratory system effects reported in epidemiology studies include premature mortality and increased hospital  and ER admissions for respiratory-related causes, as well as increased respiratory disease and symptoms, such as decreased lung function.  

Mortality is just the “tip of the iceberg”
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