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What is Carbon Monoxide?  

Carbon monoxide is a toxic, colorless, odorless, tasteless, and flammable gas that is produced 

by the incomplete combustion of hydrocarbons such as firewood, charcoal, gasoline, and natural 

gas. CO can quickly build up to unsafe levels in enclosed or semi-enclosed areas with poor 

ventilation, leading to death within minutes. Furthermore, this toxic gas can enter living spaces 

through poorly functioning windows or vents. It is a notorious cause of unintentional poison-related 

death in the United States (US), responsible for a total of 2,244 deaths between 2010-2015. In 

2015 alone, 36% of all deaths occurred during the winter months of December, January, and 

February due to increased use of heating units, indoor cooking, and use of gas ovens to generate 

heat.24  
 

What are Potential Sources of CO? 
The use of flame-based heating elements (e.g. oil, propane, gasoline, natural gas) or gas-fired 

electricity generators can cause CO to build up in a home, garage, or camper. Even if a 

generator is outdoors but near an open window, door, or other opening where exhaust can enter 

the building, dangerous exposure can occur. Generators should always be placed at least 25 

feet from any home. Sources of CO include:  

• Furnaces, fireplaces, and wood stoves 

• Pressure washers and gas-powered tools 

• Certain swimming pool heaters (gas/propane) 

• Portable heaters (kerosene/gas/propane) 

• Hot water heaters (gas) 

• Dryers (gas) 

Summary of Key Points 

• Carbon monoxide (CO) is a toxic, colorless, odorless, tasteless, and flammable gas 

that is produced by the incomplete combustion of hydrocarbons such as firewood, 

charcoal, gasoline, and natural gas. 

• CO poisonings often occur during power outages related to natural disasters. 

• All individuals are at risk and have the potential to die from CO poisoning. Infants, 

children, and pregnant people represent a unique and vulnerable population. 

• Symptoms of CO poisoning are often non-specific and without correlation to the 

level of exposure.  



 
 
 

• Stoves/grills (kerosene/gas/propane/charcoal) 

• Anything with an internal combustion engine (cars, chainsaws, snowblowers, etc) 

In the setting of disaster events such as hurricanes, earthquakes, and snowstorms, CO 

poisoning is a predictable public health hazard. Insufficient planning for disaster events may 

lead to increased use of portable devices.  

 

Carbon Monoxide Detectors 

In a residence, carbon monoxide detectors should be installed on every level, including those with 

fuel-burning appliances, the basement, and outside of sleeping quarters. CO detector alarms (85 

decibels) should meet the following alarm response times: at 70 ppm, unit must alarm within 60-

240 minutes; at 150 ppm, unit must alarm within 10-50 minutes; at 400 ppm, unit must alarm 

within 4-15 minutes. CO detectors should be in compliance with the recommendations of 

recognized authorities, such as Underwriters Laboratories (UL), Housing & Urban Development 

(HUD), and the National Fire Protection Agency (NFPA). 

 

Who is at Risk? 

All individuals are at risk and have the potential to die from CO poisoning, however, infants and 

children represent a unique and vulnerable population. Due to their increased metabolic and 

respiratory rates, inability to vocalize specific symptoms, and inability to recognize potential 

sources of exposure, they are highly susceptible to the dangerous health impacts of CO 

poisoning.20 A review of the 2017 annual report of the American Association of Poison Control 

Centers notes that children and adolescents (<20 years of age) accounted for approximately 30% 

of all unintentional CO exposures.8 In a report by the Centers for Disease Control and Prevention, 

children younger than 5 years had the highest rate for emergency department (ED) visits for 

unintentional, non-fire related CO exposures between 2004 and 2006.4 In a study by Unsal, acute 

CO poisoning occurred more commonly amongst families and children with lower socioeconomic 

and educational levels, meaning that CO poisoning can be an environmental justice issue.30 

Unintentional, non-fire related fatalities related to CO poisoning appear to be more common in 

the Black, Latinxs, and immigrant communities as compared to non-Latinx Whites.9 US deaths 

from unintentional non-fire-related carbon monoxide poisoning from 2000-2017 decreased in non-

Latinx whites while deaths among minority groups remained unchanged.10 These inequalities may 

be due to several factors that include socioeconomic status, practices from immigrants’ countries 

of origin (such as indoor charcoal use), lack of targeted education efforts, and structural barriers.10 

Fortunately, improved educational efforts can help reduce these disparities.11   

 

Does CO Poisoning Impact Pregnancy Outcomes? 

In utero, CO readily crosses the placenta, and the circulating fetal hemoglobin (Hgb) has a higher 

affinity for CO than oxygen. As a result, CO elimination takes longer in the fetal circulatory system 

when compared to maternal circulation, leading to fetal hypoxia and potentially resulting in 

permanent fetal brain damage and stillbirth at high maternal CO exposures.6,16 Similarly, prenatal 

CO exposure has been shown to result in decreased birth weight, in-utero growth restriction, 



 
 
 
perinatal asphyxia, small infant head circumference, behavioral abnormalities, and disruption in 

cognitive function.7,5,34,25 Children born to mothers with increased CO exposure during pregnancy 

appear to have a reduced lung function at age one month.2 

 

What is the Pathophysiology of CO Poisoning? 
CO crosses the pulmonary capillary membrane easily, and rapidly binds the iron-group of 

hemoglobin (Hgb) with an affinity that is 250 greater than that of oxygen, forming 

carboxyhemoglobin (COHgb). Due to the binding of CO, the other three sites of the heme 

molecule increase their affinity to oxygen molecules, causing a leftward shift of the oxyhemoglobin 

dissociation curve and further inhibiting the off-loading of oxygen to the deprived peripheral 

tissue.17 CO can have direct toxicity on muscle tissue, as well as impair oxygen delivery, oxygen 

utilization, and cellular respiration.1,26,28 In terms of CO kinetics, upon removal from the source of 

exposure, CO will eventually dissociate from Hgb, with the following half-lives: (1) Breathing room 

air: 300-360 minutes; (2) Breathing high-flow oxygen: 60-90 minutes; (3) Hyperbaric oxygen at 

three atmospheres: 30 minutes.19 

 

What are the Symptoms of CO Poisoning? 
Symptoms of CO poisoning are often non-specific and without correlation to the level of exposure. 

The risks of CO exposure increase in the autumn/winter with the use of poorly vented furnaces 

or fireplaces or wood stoves for heating purposes, coinciding with the peak of the season of 

influenza illness. The overlapping symptoms may lead to the misdiagnosis of acute or chronic CO 

poisoning as a case of “bad flu”, but CO poisoning patients are classically afebrile and without 

cough. Clinicians should have a high index of suspicion of CO poisoning, especially if several 

members in the same household present with similar clinical findings. Thompson et al. note that 

there is a wide range of symptoms, such as shortness of breath and blurred vision at mild levels 

(0-30% COHgb) to cardiac dysrhythmias, seizures, and coma at severe levels (>40% COHgb).29 

 

Acute Symptoms:  

• Headaches, dizziness, weakness, drowsiness, nausea, and vomiting, mimicking “flu-like” 

syndrome. Signs of more severe, life-threatening CO poisoning can include dyspnea on 

exertion, palpitations, confusion, poor mentation, irritability, irrational behavior, slurred 

speech, loss of consciousness, coma, and eventual death.1 Delayed neuropsychological 

sequelae can occur as early as 24 hours after an acute exposure and symptoms can include 

memory loss, anxiety, depression, and impairment in attention. 9, 26, 27,31,35 

 
Chronic Symptoms:  

• Studies of long-term, lower-level exposures to CO, primarily conducted in adults, suggest that 

these exposures can lead to neurological and cognitive deficits, even after removal of the 

source. In a study of adults by Mimura, it was noted that intellectual disturbances (memory, 

thinking, disorientation) and neurological symptoms (sensory disturbance, ataxia) persisted 

three decades after exposure.21 Other non-specific symptoms such as chronic fatigue, 

emotional distress, difficulty working, sleep disturbances, memory loss, vertigo, neuropathy, 



 
 
 

paresthesia, recurrent infections, polycythemia, abdominal pain, and diarrhea have been 

reported. 16,26,32,33,37 

• In terms of imaging findings in CO poisoning patients, gray matter structures such as the 

globus pallidus and the hippocampus can be damaged; however, common findings on 

magnetic resonance imaging (MRI) are white matter hyperintensities as well as hippocampal 

atrophy. 2,3,22,33   

 

How to Diagnose and Evaluate CO Poisoning? 
In order to distinguish CO poisoning from other indoor air pollutants, thorough history-taking is 

critical if patient is alert and oriented. Important points to identify include living situation (age of 

the house, use of flame-based heating elements (e.g. oil, propane, gasoline, natural gas) or gas-

fired electricity generators) and others in the household having a similar constellation of 

symptoms. 

 

Diagnosis is based on a suggestive history and physical findings coupled with confirmatory 

testing. Patients with significant COHgb levels can have normal readings on a regular pulse 

oximeter. Confirmatory methods include direct measurement of blood COHgb or measurement of 

COHgb using a transcutaneous co-oximeter capable of specifically measuring COHgb.9,28 Normal 

COHgb levels in non-smokers can range from 1-2%, while in cigarette smokers, they can range 

from 5-10%. 23,25Patients should be examined for other conditions, including smoke inhalation, 

trauma, medical illness, or intoxication. A neurological exam should include an assessment of 

age-appropriate cognitive function. 

 

If it is suspected that a child has been poisoned by Carbon Monoxide:  
• Move the child to a place with fresh air immediately. 

• Administer supplemental oxygen (if available). 

• Get child to an Emergency Room and tell them that you suspect CO poisoning. 

• Consultation with a poison control center (1-800-222-1222), or with a health care provider 

who has expertise in managing CO poisoning and who is familiar with all treatment options 

is recommended. 

 

Important CO Poisoning Prevention Tips for Families:  

• Have a working smoke detector and CO detector in the home. It is suggested that CO 

detectors: 

o be installed near every sleeping area of the home, 

o be tested weekly, 

o be cleaned monthly, 

o be replaced or have batteries replaced as recommended by the manufacturer. (Be 

sure to read the instructions!) 

 



 
 
 

• Have home heating systems checked by a trained professional each year. Make sure that 

furnaces and gas fireplaces are properly vented and that there are no obstructions to the 

exhaust pipe.  

• Hot water heaters and gas-fired dryers can also be sources of carbon monoxide. Make sure 

that they are installed according to manufacturer’s specifications and are properly vented. 

• Make sure that wood stoves and fireplace chimneys are cleaned and are in compliance with 

all state and local regulations for installation and proper ventilation of exhausts before they 

are put in use and are maintained without obstruction, including snow. 

• Never use a gas range or oven to heat a home. 

• Never use a charcoal grill, hibachi grill, lantern, or portable camping stove inside a home, tent 

or camper. Never use gas or kerosene heaters indoors without proper venting to the outside. 

• Never run a generator, pressure washer, or any gasoline-powered engine inside a basement, 

garage, or other enclosed structure. CO may build up even if the doors or windows are open. 

• Keep vents and flues free of trash, especially if winds are high. Flying trash can block 

ventilation lines. 

• Run any motor vehicle, generator, pressure washer, or any gasoline-powered engine outside 

at least 25 feet from any window, door, or vent where exhaust can drift into an enclosed area. 

Since wind may still blow CO into home, make sure to have a CO detector in the home. 

• Never leave the motor running in a car/vehicle parked in a closed or partially closed space, 

such as a garage. Make sure that car exhaust pipes are clear of snow or mud so fumes will 

not go back into the vehicle. Do not leave a vehicle running while clearing snow from around 

the vehicle to avoid the build-up of CO. 

• For power outages, it is safest to use permanently installed generators instead of portable 

generators. The only advised method to connect a generator to house wiring is by having a 

qualified electrician install a power transfer switch. Portable generators should only be used 

for emergencies and should always be located outside a residence. For further information 

on the safe use of generators during a power outage see: 

https://www.doh.wa.gov/Emergencies/BePreparedBeSafe/SevereWeatherandNaturalDisast

ers/PowerOutages/GeneratorUseDuringaPowerOutage 

• If conditions are too hot or too cold during a disaster or power outage, go stay with friends or 

at a community shelter. If carbon monoxide poisoning is suspected, take people affected to 

fresh air and call 911 for assistance. Make sure other people in the same area are safe. Go 

to the emergency room for care. 

• Stop smoking habits: cigarettes or marijuana. 
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The Pediatric Environmental Health Specialty Units (PEHSUs) are a source of medical 

information and guidance on prevention, diagnosis, management, and treatment of 

environmental conditions that influence reproductive and children’s health. PEHSUs work with 
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resources, please visit: https://www.pehsu.net/. 

For additional resources and information on reproductive and children’s environmental health 

topics that offer continuing education for health professionals, visit: 

https://www.pehsu.net/nationalclassroom.html 
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