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Wildland Fire Smoke is only 

one type and source of pollutant.

Source

• Industrial

• Auto

• Mining

• Smelters

• Refineries

• Wood Stoves



However it is very dramatic.



What is in wildland fire smoke

• Work on the fireline does not always occur 

in smoke, and in many cases may take 

place in clean air.

• However, when the air is smoky the risks 

described herein are present. In this unit 

we will describe what is in smoke and how 

it impacts health risks and visibility.



Smoke Emissions
• Carbon Dioxide 

• Water

• Carbon Monoxide

• Hydrocarbons

• Nitrogen Oxides

• Particulate 
Matter



Two aspects of greatest health concern

in wildland fire smoke are carbon monoxide and particulate 

matter.



Carbon Monoxide (CO) is a natural byproduct of burning 

biomass. This gas is most highly concentrated in close 

proximity to the combustion source, or downwind from 

smoke sources.

As CO is inhaled it attaches to hemoglobin (red blood 

cells) thereby reducing the oxygen carrying capacity of 

the blood.

Lets Take A 

Look At



Short term exposure to CO and other irritants in wildfire 

smoke result in consequences that many conducting a 

prescribed burn are familiar with including: eye irritation, 

upper respiratory irritation, headaches, nausea and fatigue. 

As less oxygen is available the heart works harder to 

compensate. Oxygen depletion leads to fatigue, headaches 

and potential loss of clarity in thinking. Long durations or 

very high CO exposure can result in loss of consciousness 

and ultimately death. 



As high levels of CO are inhaled clouding thinking and 

impairing judgment, you become less capable of carrying 

tasks, jeopardizing your safety and the safety of those 

around you. Under these conditions it will be more difficult 

to:

“Be alert. Keep calm"

"Think clearly"

"Act decisively"

“Give clear instructions and be sure they are understood”



Carbon Monoxide (CO)
• Carbon monoxide, or “CO,” is an odorless, 

colorless gas that can kill you. Easily measurable with hand-held meters.

• Reduces oxygen transport in the blood

• Causes severe headaches

• Loss of mental acuity, motor skills, and time 
awareness

• Stresses heart  

Firefighters during prescribed burns often are 

exposed to more  CO and particulate matter 

than firefighters on wildfires.  



• Carbon monoxide is a gas that is diluted 

by normal atmospheric conditions, and 

therefore does not pose as great a threat 

to the general public it is more of an issue 

with those on the fireline.
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Particulate matter is the term used for a mixture of solid 

particles and liquid droplets found in the air. These particles 

come from a variety of sources, windblown dust, grinding 

operations, prescribed burns and wildfires. The very smallest 

of these particles (less than 2.5 micrometers) often come from 

fuel combustion, power plants, and diesel engines. 



Particulate Matter

• PM = All particulate matter

• PM10 = All particulate matter less than 

or equal to 10 microns in diameter.

• PM2.5 = All particulate matter less than 

or equal to 2.5 microns in diameter.



Particulate Matter 

Particulate matter can negatively impact human health both 

in the short and long term. Particulate matter can range in 

size from 100 microns in diameter to nearly the size of a 

few atoms.

Fine particles cause upper and lower airway distress. This 

irritation results in coughing, sore throat, and diminished 

breathing. Prolonged exposure to particulate matter can 

also reduce work capacity. Irritation of the lungs and 

respiratory system and shortness of breath may make it 

increasingly difficult for individuals to sustain their optimum 

performance. 

Why are We Concerned About Particulate Matter?



conditions are 

severe and 

sudden in 

onset

long-developing

As gases in the smoke become attached to particulates they 

enter the airways and lungs causing further irritation and 

allowing some of these toxic gases to pass through the lungs to 

the bloodstream. 



Suspended particulates are the greatest threat to air 

quality and public health because they will remain in 

suspension for periods ranging from a few seconds to 

several months. Research studies indicate that on 

average, 90 percent of smoke particles from 

wildland fire are smaller than PM-10, and 70 

percent of those particles are smaller than PM-2.5.

Particulate Matter Size Distribution

<PM 2.5

PM 2.5-10

>PM10



Chemical Composition of 

Smoke

• The combustion of forest fuels from 

wildland fire results in the emission of 

hundreds, if not thousands of chemical 

compounds into the atmosphere in the 

form of smoke. 



Each peak represents a

separate compound. 

This display includes 

only some of the 

organic compounds in 

smoke



What Happens to Smoke Particles?
• It takes about 35 days for a particle between 0.1 and 

1.0 μm to drop 1000 ft. (in still, dry air)

• Most smoke  particles = .1 to .7 μm
Particles of this size form excellent cloud 
condensation nuclei and may assist in the formation 
of rain or fog 
droplets and can be 
removed from the 
atmosphere.

• It has been estimated 
that smoke particles 

have an average 
"life-span" of 2-3 weeks.





EPA’s Pollutant Standard Index 

for PM2.5



Additional Smoke Emissions of Concern



Nitrogen Oxides

Nitrogen dioxide (NO2) is one of the pollutants regulated by 

the EPA for human health impacts. Nitrogen oxides, 

including NO2 are emitted as biomass burns. NOx can 

irritate the airways when it is inhaled and it is also a key 

component of ozone formation.



Ozone 

(O3)

Ozone is another pollutant regulated by EPA and associated with 

human health effects including inflammation of the airways, shortness 

of breath, and

reduced lung function. The formation of ozone occurs when nitrogen 

oxides and volatile organic compounds (VOCs) from smoke react in the 

presence of sunlight. This reaction generally occurs away from the 

fireline, potentially causing impacts downwind. 

Ozone can be present regardless 

of fire emissions and is often more

an issue in summer and downwind

of urban areas.





Short-Term Health Effects

• Eye irritation

• Upper Respiratory Irritation

• Headache

• Nausea

• Lung function
• Post-shift

• Post-season

• Long term?



Intermediate Health Effects

• Decreased cilia action

• Suppressed immune function (also 

influenced by stress, exhaustion, 

diet, smoke, sleep, etc.)

Cilia is Latin for "eyelash." These tiny protuberances on single-cells 

organisms wave-like hairs to move the cell around or something 

around the cell. They are responsible for protecting us from germs 

in our lungs.



Potential Long-Term 

Health Effects
• Chronic obstructive pulmonary disease

• Bronchitis

• Emphysema

• Heart disease

• Cancer



Mitigating Exposure – How to reduce or 

eliminate smoke exposure 

Avoid Exposure

Limit Exposure

Recognize Risks &Impairment

Monitoring Exposure - Personal monitoring

Facilitate Recovery

Rotate personnel to ‘CO-free areas’ 





Carbon Dioxide (CO2)

• Carbon (C) + Oxygen (O2) = CO2

• Not regulated, no direct effects

• May play a role in global change

• All decomposition generates CO2

• 2000-3500 lbs/ton



Water Vapor

• 500-1500 lbs/ton

• Only concern is reduction in visibility



Particulate Matter

• 10-100 lbs/ton

• Criteria Pollutant

• Direct effects on human health, welfare

• Adverse impacts on fireline workers

• Carry polycyclic aromatic hydrocarbons (PAHs) that 
are known to be carcinogenic

• Visibility impairment



Carbon Monoxide (CO)

• 20-500 lbs/ton

• Criteria pollutant

• Generally limited 

concentrations 

from burning 

affects communities

• Adverse effects on fireline workers



Hydrocarbons

• 4-40 lbs/ton

• Impacts both health and visibility



Nitrogen Oxides (NOx)

• 1-9 lbs/ton

• NOX is typically 90 percent nitrogen 

oxide (NO) and 10 percent nitrogen 

dioxide (NO2)

• Criteria pollutant

• Generally minor component from 

prescribed burns



RANGE OF EMMISSION FACTORS FOR COMPONENTS OF SMOKE

Components Pounds produced 

per ton of fuel 

consumed

Potential effects

Carbon Dioxide 2,000 to 3,500 No Direct

Water Vapor 500 to 1,500 Visibility

Particulate Matter 10 to 100 Visibility and Health

Carbon Monoxide 20 to 500 Health

Hydrocarbons 4 to 40 Visibility and Health

Nitrogen Oxides 1 to 9 Visibility and Health

Sulfur Oxide Trace Health



http://verdeairandwaterwatch.org/../../../../../index.html
http://verdeairandwaterwatch.org/../../../../../index.html
http://verdeairandwaterwatch.org/../../../../../index.html
http://verdeairandwaterwatch.org/../../../../../index.html


Light from 

clouds 

scattered 

into sight 

path

sunlight 

scattered

Image-forming 

light absorbed
Light reflected from 

ground scattered into 

sight path

Image-forming light 

scattered out of sight path

Visibility is the process 

of how light is absorbed, 

scattered, and perceived 

through the human eye 

and brain.



• Fine particles most responsible for visibility 
impairments are sulfates, nitrates, soil 
dust, organic carbon, and elemental 
carbon.

–Sulfates, nitrates, soil, organic carbon 
(material derived from decaying vegetation), 
and soil dust scatter light

–Elemental (Black) carbon (soot) absorbs light.



Smoke particles scatter about 

85% of the light that strikes 

them.

• Most smoke particles have a 

diameter in the range of .1 to .7 μm

• Visible Wavelengths: .4 -.7 μm

Particles having a diameter about the same as 

the wavelength of visible light are the most 

effective at scattering light.



Smoke with particles 

smaller than the 

wavelength of light

Smoke particles 

allowed to grow in a 

humid environment 

with diameters near the 

wavelength of visible 

light



Reduced Visibility

In the real world, people perceive reduced 
visibility if:

• a distant object that is usually visible 
cannot be seen

• a nearby object looks hazy or colors are 
washed out

• a layer of white, gray, or brown "pollutant" 
is seen













National Visibility Goals

• The 1977 amendments to the Clean Air Act 
established a national goal of “the prevention of 
any future, and remedying 
of any existing impairment of visibility in 
mandatory class I Federal areas from man 
made pollution.”

• States are required to develop implementation 
plans that make “reasonable progress” toward 
the 
national visibility goal.



The Regional Haze Rule was 

published on July 1, 1999.

The Regional Haze Rule calls for state and federal agencies to work 

together to improve visibility in all 156 federal Class I national parks 

and wilderness areas. States are to develop long-term strategies for 

reducing air pollutants emissions that cause visibility impairment.







Visibility Improves in Scenic Areas
The National Park 

Service together 

with the EPA and 

other agencies 

monitor visibility 

trends in 155 of 

the 156 national 

parks and 

wilderness areas 

(i.e., Class I 

areas), where 

clear views are an 

important value 

for visitors.

The map indicates 

a number of Class 

I areas have 

improving visibility 

or decreasing 

haze (indicated by 

the downward 

pointing arrows)
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• At Shenandoah National Park in 
Virginia, visitors can only see on 
average about 12 miles, or one-tenth 
what it should be under natural 
conditions. 

• "Historically, the parks claim to fame 
was that visitors could see the 
Washington Monument, located 80 
miles away, from the park's Skyline 
Drive. Now it's a rare occasion, 
generally during the winter, when people 
can see the monument from the drive.



Nonattainment and 
General 
Conformity

Smoke Mgmt 
Programs 

(avoid nonattainment)

NAAQS: 
PM2.5 and 

Ozone

New air quality regulations, in addition to 
traditional  nuisance and public safety concerns, 

make smoke management an important component 
of each burn.

Regional Haze 
Rule



PRESCRIBED BURNS

WARNING!

Prescribed burns are deadly.

The smoke could be killing your children and 
grandparents!

In the early 1950's, everyone thought that the nuclear bomb tests in Nevada 
were a good idea until people begin dying from radiation poisoning. Today, we 

face a similar crisis. The Forest Service has convinced some people that 
prescribed burns and managed wildfires are good methods of maintaining 

forest health when they are actually two of the deadliest acts known to 
mankind.

It was not a meteorite, it was a prescribed burn by the Georgia Forestry Commission 

http://www.prescribedburns.com/

http://www.prescribedburns.com/


• Wood smoke pollution is 12 times more 

carcinogenic than cigarette smoke, attacks 

the body cells up to 40 times longer, and 

kills at least 40,000 adults and children 

every year. 



• Unborn fetuses and infant children are 10 times more 
vulnerable to damage than adults. The dagger shaped 
smoke particles are so tiny that they go deep into the 
child's lungs causing structural damage and chemical 
changes to the lung tissue. While some of the particles 
lodge deep in the child's lungs causing bronchitis, 
asthma, and pneumonia, others pass through the lungs 
into the blood stream entering the child's systemic 
circulation causing organ failure and premature death. 



• Studies show that prescribed burn smoke exposure can 
prevent the proper development of an unborn fetus, 
prevent the proper development of internal organs in 
infant children, depress the immune system, damage 
the nervous system, damage the brain, damage the 
layer of cells in the child's lungs that protect and 
cleanse the airways, and cause unexpected infant 
mortality.



Questions?



Engaging Communities in Prescribed Fire and Smoke Best Management 

Practices Guide

Our Nation's Air Status and Trends Through 2018

https://gispub.epa.gov/air/trendsreport/2018/#home

NWCG Smoke Management Guide for Prescribed Fire 2018

https://www.nwcg.gov/sites/default/files/publications/pms420-2.pdf

Wildfire Smoke A Guide For Public Officials Revised 2019

https://www3.epa.gov/airnow/wildfire-smoke/wildfire-smoke-guide-revised-2019.pdf

https://gispub.epa.gov/air/trendsreport/2018/#home
https://www.nwcg.gov/sites/default/files/publications/pms420-2.pdf
https://www3.epa.gov/airnow/wildfire-smoke/wildfire-smoke-guide-revised-2019.pdf












Toluene exposure may cause liver and kidney damage. Toluene 

affects the central nervous system, eyes, skin, respiratory system, 

liver, kidneys. Breathing high levels of toluene during pregnancy has 

been shown to result in children with birth defects and to retard 

mental abilities and growth.





Your Respiratory system 
consists of your larynx, 
throat, lungs, trachea, 
and nose. Human beings 
can go without food and 
water for a considerable 
period of time, but they 
can't survive for more 

than a few minutes 
without air. 

The rule of 3           3min, 3days, 3weeks.

Respiratory System
Its main purpose is so you can breathe.



Particulate & the Respiratory Tract

Larger

Particles

Smaller

Particles

> 10 microns

5 microns

Alveolar Diffusion

2-3 microns

1 microns

<0.1 microns





RANGE OF EMMISSION FACTORS FOR COMPONENTS OF SMOKE

Components Pounds produced 

per ton of fuel 

consumed

Potential effects

Carbon Dioxide 2,000 to 3,500 No Direct

Water Vapor 500 to 1,500 Visibility

Particulate Matter 10 to 100 Visibility and Health

Carbon Monoxide 20 to 500 Health

Hydrocarbons 4 to 40 Visibility and Health

Nitrogen Oxides 1 to 9 Visibility and Health

Sulfur Oxide Trace Health



Health Effects Related to 
Particulate Matter

• Increased Premature Deaths

• Aggravation of respiratory or 
cardiovascular illnesses

• Lung function decrements

• Changes in lung function / structure / 
natural defense
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Carbon monoxide is a good indicator of the 
concentrations of harder-to-measure toxins

CO Symptoms show up at 

~60-70ppm



Smoke Emissions

Ozone
(O3)

++

• Carbon Dioxide 
• Water
• Carbon Monoxide
• Hydrocarbons

• Nitrogen Oxides

• Particulate 
Matter

Criteria pollutants are the air 

pollutants with national air quality 

standards that define allowable 

concentrations of these 

substances in ambient air.



PM 2.5

Flour

Beach Sand

. Smoke particle

< PM 2.5 microns

PM 2.5-10 microns

> PM 10 microns

70.0%

20.0%

10.0%

A majority of the smoke 

particles are very small 

and less than 2.5 microns 

in diameter

Particles in Smoke



Volatile hydrocarbons are released by a 

variety of woody plants during the course 

of normal metabolism. 

Forest burning, whether naturally occurring 

or artificially ignited, also produces 

hydrocarbons, 



Statistics

• 30% of the American population is 

regularly exposed to 

harmful levels of 

particulate pollution.

• 40 thousand die early.

• Asthma is the 3rd leading cause of 

hospitalization in children.



Examples of 

Sensitive Populations

• Persons with asthma

• Persons with coronary problems

• Elderly and children

• Smokers

EPA sets standards to protect the 

population including its most sensitive.



Given recovery time in clear air, your body will expel these via coughing. 

Smaller particles take longer to expel, and this process is impeded if you are 

constantly in smoky conditions where there is less clean air to allow your body 

to recover. 

Large amounts of particulates from smoke which can remain in the lungs for a 

period of time, sometimes for months, following a fire or fire season.



Chief Toxins

in Smoke

• Acrolein

• Formaldehyde

• Benzene

• Carbon Monoxide

• Respirable Particulates



Acrolein

• Aldehyde with piercing, choking odor

• Irritates eyes, upper respiratory tract, causes 
nausea

• Severe exposure results in edema, abnormal 
lung function

• Long term exposure—chronic respiratory 
disease



Formaldehyde

• Low-level: irritates eyes, nose, throat

• Higher level: irritates respiratory tract

• Long-term exposure associated with 

cancer

Formaldehyde and acrolein are the two most potent 

aldehydes in wildland fire smoke that create adverse 

health impacts. Short term effects include eye, nose and 

throat irritation, depression of breathing rates, and 

temporary paralysis of cilia (microscopic hairs lining the 

respiratory tract which help to remove dust and bacteria). 



Benzene
• Benzene is a chemical with many uses. Because of its 

sweet smell, it was used as an aftershave in the 19th 
century. Before the 1920s, it was used regularly as an 
industrial solvent. This was before people became aware 
of the dangers of its toxicity. It was once widely used as an 
additive to gasoline, but this practice was also abandoned 

due to health concerns.

• Exposure to benzene can have very serious health effects. 
High levels of exposure can cause breathing disorders, 
dizziness, drowsiness, headaches and nausea. If one were 
to eat food or drink liquid containing benzene, a rapid heart 
rate, vomiting and stomach irritation may result. Very high 
levels of exposure to benzene can ultimately lead to death. 



Carbon Monoxide

– Symptoms include 

dizziness, nausea and 

impaired mental function.

– Body typically recovers 

quickly from short-term 

exposure during smoke-

free periods.

– High concentrations 

cause death.



Standard Visual Range in Miles
1996-1998 Annual Average

Natural
East: 60-80 miles

West: 110-115 miles

Current
East: 15-30 miles

West: 60-90 miles

Maximum visual range with only elemental 

gas molecules in the air is  240 miles. 


