In my experience, there is a lot of confusion regarding
possible carbon monoxide exposure. What are the signs
and symptoms produced from excess carbon monoxide
exposure? How do you assess the level of toxicity? What
is the significance of carboxyhemoglobin levels? How do
you decide what treatment is indicated?

The Toxin

Carbon monoxide (CO) is a product of incomplete
combustion. It is an odorless, colorless, and nonirritat-
ing gas. Any irritation experienced on exposure is from
other combustion products that may also be present,
not from carbon monoxide itself. Endogenous CO is
produced from the catabolism of hemoglobin. That
means a low baseline level of carboxyhemoglobin is
found in everyone. The carboxyhemoglobin levels in
smokers may reach as high as 15%, compared with
1-3% in non-smokers. The expected level of CO in air
is about 0.001%

The Issues for Workers

Carbon monoxide poisoning may account for the larg-
est number of poisonings in the United States. Many
exposures are purposeful, but among accidental expo-
sures, the individuals at highest risk are those working
as auto mechanics and fire fighters, and those working
with methylene chloride.

Methylene chloride is converted in vivo to carbon
monoxide. Paint strippers containing methylene chlo-
ride can cause severe poisoning because of metabolism
of the methylene chloride to CO in the body. Methyl-
ene chloride has produced levels of carboxyhemoglobin
as high as 50%.

Carbon monoxide has an affinity for hemoglobin
that is 210 times that of oxygen, and therefore displaces
oxygen in the blood. Carbon monoxide also stabilizes
the oxyhemoglobin complex and binds the cytochrome
oxidase chain, causing interference with cellular respi-
ration.

The myocardium should be considered first among
the organs targeted by carbon monoxide poisoning.
Normally the myocardium extracts 75% of the oxygen
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supplied to it, but with carbon monoxide poisoning,
cardiac output must increase to offset the reduced level
of oxygen delivered by the blood. Thus the work of the
heart must increase and anyone with coronary artery
disease will suffer myocardial hypoxia. Myocardial is-
chemia is responsible for many CO-induced deaths.

The Effect on Exposed Workers

Carboxyhemoglobin levels under 6% may be associated
with impairment of vision and time discrimination. At
levels of 40—60%, altered mental function and even
death may occur. Early symptoms of CO exposure in-
clude general malaise, headache, nausea, dyspnea, vom-
iting, and altered mental status. Severe exposure may
lead to seizures, coma, arrhythmia, and death. Symp-
toms of anoxia may be present without cyanosis, how-
ever, victims will most often be cyanotic. The classic
cherry red color is seen only post mortem; it is not seen
clinically. Coloration is of no use diagnostically. The
most common premonitory signs are headache, nausea,
and breathlessness. Individuals with coronary artery dis-
ease may experience angina. Smokers, with chronic car-
boxyhemoglobin levels of 5-6%, may be less tolerant of
higher levels of carbon monoxide than non-smokers. If
an individual remains in a carbon monoxide atmo-
sphere after premonitory symptoms appear, s/he may
develop muscle weakness, dizziness, and confusion. It
is important to note that the victim may possess men-
tal awareness of what is happening, but be unable to
move because of profound muscle weakness.

The most common early aftermath of carbon mon-
oxide poisoning is cerebral edema. A very interesting
and common aftermath is Delayed Neuropsychiatric
Syndrome, occurring in 10-30% of victims, three to 240
days after exposure. Symptoms may include cognitive
changes, personality changes, parkinsonism, dementia,
incontinence, and psychosis. Fifty to 75% of these
people recover.

Old Versus New Thinking

We used to think that the level of toxicity from carbon
monoxide exposure was reflected by and paralleled by
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the level of carboxyhemoglobin in the victim’s blood.
However, studies over the past 30 years have demon-
strated that it is impossible to state the level of carboxy-
hemoglobin in the blood that will result in a specific
pathophysiologic effect. The percentage of carboxyhe-
moglobin in the blood does not correlate well with ei-
ther prognosis or clinical condition. We now know that
the main pathophysiologic effect of carbon monoxide
is not the affinity for hemoglobin but the penetration
into tissues and attack of the cytochrome, and possibly
other, enzyme systems. This is one of the main reasons
why the carboxyhemoglobin levels reported by the labo-
ratory do not correlate well with clinical findings.

Exposure Management

Assessment of an exposure victim’s level of toxicity re-
quires careful evaluation of the victim’s history, keen
observation of the victim’s clinical picture, and consid-
eration of his carboxyhemoglobin levels. For example,
acute exposure to higher levels of CO for short periods
of time may result in high levels of carboxyhemoglo-
bin, but there will have been insufficient time for the
carbon monoxide to penetrate to the tissue level and in-
terfere with the cytochrome system.

History is of great importance. If the victim has a his-
tory of mental dysfunction, obtundation, loss of con-
sciousness, neurologic signs, a depressed ST segment on
an EKG, or carboxyhemoglobin levels > 40%, then hy-
perbaric O, treatment is indicated, even if the individual
looks well on admission.

For any given level of CO, the rate of blood satura-
tion with CO is directly related to the cardiac output.
Thus as a person’s activity level increases, so does his
rate of CO saturation. What this means, practically, is
that two people in the same environment will have dif-
ferent CO hemoglobin levels if one is sitting and the
other is vigorously loading materials. Similarly, a per-
son running around to escape a fire will be overcome
more quickly than someone who is quietly sleeping.

Treatment

Although we do use carboxyhemoglobin levels to help
guide treatment, I must emphasize again how impor-
tant it is to carefully weigh the history and the clinical
picture! Treatment is dependant on the degree of car-
boxyhemoglobin, history, symptoms, and signs. For low
levels of carboxyhemoglobin, minimal symptoms, and
a history of limited exposure, removal from exposure
may be sufficient. For higher levels of carboxyhemoglo-
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CO Exposure Guidelines

B Venous blood is adequate for the carboxy-
hemoglobin determinations.

B The length of exposure is very important:
the longer the exposure, the greater the
chance that the cytochrome system has
been affected.

B There is generally an acidosis and this
must be treated with bicarbonate as
rapidly as possible.

Acute exposure producing carboxyhemo-
globin levels below 15% rarely produce
any symptoms.

Levels between 15% and 25% may pro-
duce headache and nausea.

B At levels of 25%, there may be EKG
changes of ST segment depression.

People with levels of 40% are generally
unconscious at the time of rescue.

B Carboxyhemoglobin levels higher than
60% are usually fatal.

bin, or history and symptoms that suggest higher lev-
els of exposure, treatment with 100% O, may be indi-
cated. Treatment with 100% O, decreases the
carboxyhemoglobin half-life from five to six hours to
90 minutes. Severe toxicity may require hyperbaric oxy-
gen (HBO) treatment. The half-life of carboxyhemoglo-
bin is reduced to 23 minutes at three atmospheres of
hyperbaric oxygen. Standard treatment is 30 minutes at
three atmospheres followed by another hour at 2.4 at-
mospheres. Treatment may be repeated after two to
eight hours. In severe cases, the mortality rate is 13.5%
if HBO is started within six hours of rescue; it rises to
30.1% if HBO is delayed more than six hours after res-
cue. In cases of smoke inhalation, 10 mg 1V Decadron
may be given. Decadron should not be used prior to
HBO treatment, however, because steroids sensitize the
patient to oxygen toxicity of the lung and central ner-
Vous system.

Exposure Levels and Toxicity

To round out this discussion, let me mention a few en-
vironmental-level correlations for carbon monoxide and
toxicity findings. The NIOSH TLV (threshold limit
value) for CO is 35 ppm; OSHA's is 50 ppm. Exposure
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to a CO level of 50 ppm for 40 minutes may cause ag-
gravation of angina pectoris; exposure for 120 minutes
may cause aggravation of claudication. Exposure to lev-
els of 500-1000 ppm causes headache, tachypnea, nau-
sea, weakness, dizziness, mental confusion, and may
cause hallucinations. With exposure to 4000 ppm and
above, transient weakness and dizziness may be the only
warnings prior to onset of coma.

Summary

The effects of carbon monoxide exposure in any given
individual depend on the level of chronic exposure (if
any), the level of acute exposure, the duration of expo-
sure, and any underlying health factors. These factors,
not the level of carboxyhemoglobin in the victim’s
blood, provide the most useful guide for determining
the appropriate treatment and prognosis. ¥

(CALENDAR OF EVENTs 2004

Drug Testing Update 2004

Various dates and locations

February 24—April 15

RYAN Associates & Quest Diagnostics
http://www.naohp.com/welcome.html

Maximizing the Value of your Occupational

Health Program

March 12 Anaheim, CA

March 26 Ann Arbor, Ml

April 2 Dallas, TX

American Association of Occupational Health Nurses
http://www.aaohn.org/education/workshops/
maximizing_value.cfm

10th Annual Lewis H. Millender Occupational
Medicine Conference

March 18-19

Newton Marriott Hotel, Newton, MA

CareGroup Occupational Health Network
http://www.occhealth.caregroup.org

Spirometry Update & Refresher Training
April 5

The Drawbridge Estate, Cincinnati, OH
University of Cincinnati
http://www.DrMcKay.com or 513.558.1234

DATIA 2004 Annual Conference and Exposition
April 15-17

Seattle, WA

Drug and Alcohol Testing Industry Association
http://www.datia.org/conference/2003/conf.htm
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CPCT in Urine and Alternative Specimen Testing
April 150r 18 Seattle, WA

May 14 or May 15 Minneapolis, MN

Drug and Alcohol Testing Industry Association
http://www.datia.org/cert_accr/collector-certification/
cpct-training-brochure.htm

Medical Center Occupational Health and Safety
April 30—May 1

Kansas City, MO

American College of Occupational and
Environmental Medicine
http://www.acoem.org/education/
course.asp?EVENT_ID=397

MRO Comprehensive Course

April 30—May 1

Kansas City, MO

American College of Occupational and
Environmental Medicine
http://www.acoem.org/education/
course.asp?EVENT_ID=395

American Occupational Health Conference
April 30—May 7

Kansas City Convention Center, Kansas City, MO
American College of Occupational and
Environmental Medicine

http://www.acoem.org

MRO Review Course

May 1

Kansas City, MO

American College of Occupational and
Environmental Medicine
http://www.acoem.org/education/
course.asp?EVENT_ID=398
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