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Source:  CDC Data 1999- 2010
Accidental CO Deaths



Equipment Average U.S. 
Deaths (2013-2015)

%

Portable Generators 65 41%

Furnaces & Boilers 48 30%

Portable Heaters 14 9%

Engine-Driven Tools 10 6%

Space Heater 6 4%

Ranges and Ovens 5 3%

Water Heaters 5 3%

Other 7 6%

Total 160 100%

Source: CPSC 2015 Annual Estimates





Sources of Carbon Monoxide

• Any carbon-based fuel
• Natural, LP Gas

• Oil, Kerosene

• Wood

• Attached Garages

• Combustion Engines & Equipment

• Cigarette Smoking



Hydrocarbons Molecular Structure

• Methane CH4

• Ethane C2H6

• Propane C3H8

• Butane C4H10

• Pentane C5H12



Combustion
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Perfect Combustion

CH4 + 2O2 = CO2 + 2H2O

Incomplete Combustion

CH4 + 2O2 = CO2 + 2H2O + CO

+ aldehydes + soot



Incomplete Combustion

CH4 + 202 CO2 + 2H2O + CO
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Atmospheric Combustion





Mechanical Combustion









Specific Causes

• Lack of Combustion Air



Specific Causes

• Cross Contamination
• Blocked Chimneys and Vents

• Separated Vents

• Negative Draft Conditions



Specific Causes

• Cracked Heat Exchangers

• Leaking Gaskets



Specific Causes

• Exceeding Rated Input

• Flame Impingement



Warning Signs

• Yellow Flames

• Unstable Flames

• Soot

• High Humidity Inside 

• Rotted Vents or Chimneys

• Dying Plants



Properties of Carbon Monoxide

• Odorless

• Poisonous

• Flammable (12% to 74% range)

• Specific Gravity = 0.97

• Heating value (321 btu/cubic foot)



Permissible Levels in Air

0 ppm Normal Background

9 ppm ASHRAE, EPA/NAAQS

35 ppm OSHA 8 Hour Limit   

200 ppm OSHA Ceiling (15 minutes) Headache in 1 - 3 hours

4000 ppm Fatal in less than 1 hour



Permissible Levels in Flue Gases

< 50 - 100 ppm Normal Background

< 400 ppm AF ANSI Standards for furnaces and boilers

> 200 ppm Vt. Gas red tags and locks out



Looks Pretty Good Huh?
Let’s Check the Attic.

OOPS !



CO Poisoning

• CO is absorbed through the lungs

• Attaches to hemoglobin and displaces O2

• Reduced Oxygen affects:
• Brain

• Heart

• Muscles



Symptoms

• Headaches

• Nausea

• Aggressiveness

• Effects can be permanent
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Treatment

• Fresh Air
• 4 - 6 hour half-life

• Oxygen

• Hyperbaric Oxygen Treatment
• reduce cerebral edema and cranial pressure

• maintains oxygen delivery to tissue



VGS Alarm Response

• 160 calls per year

• Mostly find no CO present

• Many legitimate alarms

• Major Causes
• Car exhaust from attached garages

• detector malfunctions



Four Point Program

• Training

• Appliance Installation and Maintenance
• annual inspections & CO check

• Public Education

• Detection

• No matter what we do………














