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Special Feature

ore people die or are injured

worldwide by carbon monox-

1de than by any other poison.

Carbon monoxide is most
dangerous becanse it is colorless. odor-
less, tasteless, and nonirritating. From a
victin's point of view, carbon monoxide
can be deadly, From an attorney’s point
ol view, carbon monoxide cases can be
especialty dangerous.

Most carbon monoxide liability claims
arise out of defective gas burners. Those
cas burners may be hot wiler heaters or
simply gas heating applidnees. These
cases primarily fall into three categories:
improper desion and construction: im-
proper maintenance: and defective product
theories. Typical detendunts would be the
owner of the premises. property manage-
ment and maintenance companies, and.
in the case of a defective product. the
product manufactuwrer. [n this sense, a
carbon monoxide case is at heart just like
any other premises liability or product
lability case when it comes to theories of
Bability. "The complexity, and real danger
1o the practitioner. comes from the sciencee
and theories of causation and damages, To
understand the compiexity of these cases,
it is necessary to understund how these
cus apphances work, the characteristics of
carbon monoxide, the effect that carbon
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monoexide has upon human beings and
how those injuries may manifest them-
selves und how they wre to be proven.

Let us begin at the beginning and talk
about gus applhiances in general, From
a simplistic analysis any cas applianee
involves an inlet valve. a buming cham-
her, and then a flue for the combustion
products to exit from the burning chamber,
The entry of eas into the burning chamber
is frequently controlled at two ditlerent
points. 1t may be controlled at the street
level, which s where the cas company
supplies the gas to the mdividual property
owner by means of an underground pipe
called the street Tevel valve, or inlet valve.
The gas pressure at that level as a gencral
rale is relevant, Toven it the gas pressure
conung in at that point is too high, there
15 a secondary cheek point before the
vas actually enters the burning chamber.
That secondary check point is calied the
manifold gas valve, This valve controls
the uctual entry of gas into the burning
chamber. If too much gas is being poured
into the burning chamber. then there may
be mcomplete combustion ol the gas,
This incomplete combustion resulis in
the production of an excessive amount of
carbon monoxide, which initself can be
dangerous.

The second thing to look at in terms

ol the gas apphance is whether the Mue
tubes are properly cleaned. I they are
not cleaned and properly maintained,
then there may be i blockage at that level
which impedes the combustion of the gas
and retards the exit of the combustion
products out of the burning chamber. Any
impediment to the complete combustion
of the gas is a violation of the property
maintenance code.”

Anather tactor o look at in the gas ap-
pliance is whether the chimney is of prop-
et height and properly maintained. Regula-
tions pertaining w chimmey dimensions
as well as vent locations are contained in
Chupter 5 of the tHGC. The chimney 1s
designed to maintain an updralt so that the
products of combustion (the elituents) cun
properly exit from the burning chamber
into the open air. The chimney has to he
ol sufficient height to allow that updraft,
In addition. there generally has to be some
<ort of cap on the chimney o prevent the
cntry of rain and also to prevent outside
wind from causing a downdraft. 11 that
“nushroom™ cap is rusted through or s
not properly maintaimed. then with adverse
wind conditions, vouw can have a situa-
tion where vou are getting a downdraft
in the chimney. This downdratt prevents
the effluents trom exiting up through the
chimney, causing them o spill out of the
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burning chamber and into the room where the gas
appliance is maintained. The IPMC requires that
chimneys be kept in good repair.’

Large hot water botlers generally will have a
door to allow entry into the burning chamber for
cleaning the flue tubes. That door or opening may
be scaled with a gasket. If that gasket is defective,
then that may allow the cffluents to escape into the
room where the boiler is maintained.

‘The boiler room itself has to be subject to some
inspection. Typically a boiler room in a commercial
building is sealed so that if the effluents escape
from the burning chamber. they will be trapped in
the boiler room and not get to the rest of the build-
tng and its occupants. In addition, the boiler room
should be ventilated so as to draw those effluents
out of the boiler room and into the open air, pre-
venting injury to any occupants.

In most carbon monoxide cases. there is no one
factor that causes the carbon monoxide potsoning,
Typically it is a failure of the components men-
tioned above that together cause the escape of efflu-
ents into the occupted part of the building, resulting
in injury or death.

Virginia mandates a state inspection of commer-
cial boilers every two years.? That inspection, how-
ever, Is simply external, and docs not involve any
internal examination of the combustion components
of i boiler. Most maintenance and HVAC personne]
will agree that regular maintenance of any com-
mercial boiler is necessary. That regular mainte-
nance involves at least annual “tuneups™ and of
course more frequent inspection and maintenance
as the need dictates. Another satety measurce that is
frequently employed and is very inexpensive is the
installation ot carbon monoxide detectors. This is
especially important in sleeping quarters.”

Problems can also arise from the use of unvented
room heaters. These unvented heaters are now
required to have oxygen-depletion-sensitive safery
shutofts. IFGC. §620.6."

One problem that tfrequently arises in carbon
monoxide cases is trying to determine exactly how
the carbon monoxide got from the boiler room to
the oceupied portions of the building. That can
generally be determined by a smoke test using a
smoke compound with the same density as carbon
monoxide. Carbon monoxide is much like air in
that it has essentially the same density as air and
therefore travels in the same tashion as doces air,

A smoke test to determine the path of travel of

the carbon monoxide in a particulur case can be
especially effective if it is videotaped so that a jury
can see how the smoke was set loose in the boiler
room and then can see how it emanates (rom vents
in other parts of the building that were occupied by
the injured parties.

Perhaps the most ditticult hurdic in a carbon
monoxide case is causation. To establish causation,
you are gomg to need not only @ medical doctor

to testify as to the plaintiff’s condition. but also

an expert who has a more detailed knowledge ot
carbon monoxide and its characteristics than what is
possessed by your typical family doctor. Dr. David
George Penny of Wayne State University Medical
School 1s such an expert. He is a world-renowned
expert on carbon monoxide exposure and the eftects
of carbon monoxide poisoning, and has written
more about the subject than any other person alive.”
Another well-respected authority on carbon monox-
ide poisoning is Dr. Roy Meyer of the University of
Maryland School of Medicine in Balumore, Mary-
land. His 1986 article on curbon monoxide poison-
ing provides a good overview of the subject.”

Carbon monoxide ix a gus produced by the in-
complete combustion of carbon-containing mate-
riads.” The main sources of carbon monoxide are
fires, car-cxhaust fumes. paint removers containing
methylenc chloride. wood stoves. Sterno fuel. and
malfunctioning heating systems and appliances. '
During normal combustion, each atom of carbon
in the burning fuel joins with two atoms of oxygen
to form the relatively harmless gas carbon dioxide,
When there is a lack of oxygen to ensure complete
combustion. cach atom ol carbon links up with only
one atom of oxygen. forming carbon monoxide gas.
Carbon monoxide can escape from any [uel-burn-
ing appliance. furnace, water heater, tireplace. wood
stove, or space heater. Carbon monoxide can spill
trom vent connections and poorly maintained or
blocked chimneys. If the flue liner is cracked or
deteriorated. carbon monoxide can seep through the
liner and slowly creep up to dangerous levels, If a
nest or other material restricts or blocks the exit of
curbon monoxide from the burning chamber, then
carbon monoxuwde can spill back into the building
structure.

Carbon monoxide is breathed into the body
through the nose und mouth and is filtered through
the lungs where it is absorbed and dispersed
throughout the body. Carbon monoxide accumulates
in the body by hinding to the hemoglobin in the
red blood cells. thereby displacing the oxygen that
is necessuary to nourish the body’s cells, In normal
respiration. oxyeen molecules attach to hemoglo-
bin. which is contained in ¢ach red blood cell. The
red blood cells transport the oxygen throughout the
body. When carbon monoxide is present, the he-
moglobin picks up the carbon monoxide molecules
instead of the oxygen molecules. forming a toxic
compound known as carboxyhemoglobin (COHb).
Hemoglobin's affinity for carbon monoxide is
approximately 200 to 250 times that for oxygen."
Because of this great affinity, substantial amounts
of carbon monoxide can bind to hemoglobin cven
at very Jow cxposure levels.s The severity of the
poisoning is dependent primarily on the duration ot
the exposure as well as the coneentration of carbon
monoxide in the air.'

The concentration of carhon monoxide in the
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air is measured in parts per million. An acceptable
level of concentration is 10 parts per million. While
OSHA rcgulations permit workers to be exposed to
35 parts per million for eight hours,™ even this level
may present dangers. '

The formation of carboxyhemoglobin impairs the
oxygen carrying capacity of the red blood cells as
well as the release of available oxygen to body tis-
sues. The experts agree that this oxygen deficiency
is the factor responsible for initiating cellular injury.
Because of the systemic nature of the oxygen de-
privation, virtually all body cells are affected by the
carbon monoxide, though the primary targets arc
the heart and brain.’*

The displacement of the oxygen in the hemo-
globin results in a lack of necessary oxygen being
transported to the various systems within the body.
As a result, various neurological symptoms may
be manifested by exposure victims. In addition,
it is believed that the attachment of those carbon
monoxide molecules to the hemoglobin, aside from
simply displacing the oxygen, has a destructive
cffect upon the myoglobin and cytochromes within
cells. Further, carbon monoxide molecules increase
oxygen’s adhesion to hemoglobin, thus making it
more difficult for oxygen molecules to move from
the hemoglobin into the body’s cells.

To summarize, the effect of carbon monoxide on
the body is as follows:

1. Displacement of oxygen from hemoglobin
resulting in incomplete oxygenation of the
body:"’

Destruction of the myoglobin and cy-
tochromes within cells, thus decreasing
cellular respiration and potentially causing
myocardial, skeletal muscle, and central
nervous system dysfunction;' and

3. Increased adhesion of oxygen molecules to

hemoglobin, inhibiting effective transfer of
oxygen from the hemoglobin to the cells."”

All of these conditions cause a lack of oxygen to
the brain and/or heart. resulting in potential heart
and brain damage.

The diffuse neurological symptoms that arc
exhibited typically do not produce mass lesions that
can be portrayed on available radiological studies
or other types of diagnostic tests. As such, a gross
ncurological exam will not display any readily dis-
cernable symploms.® Studies are ongoing regarding
whether carbon monoxide poisoning leaves behind
specific bitochemical markers that would indicate
brain injury.*! Neuropsychotogical testing may pres-
ent a better means of assessing damage resulting
from mild carbon monoxide poisoning.*

The array of symptoms that are typically ex-
hibited as a result of carbon monoxide poisoning
include:

¢ Headache™
» Lighthecadedness, weakness. sleepiness
» Deccreased exercise tolerance

)

* Visual disturbances

« Palpitations

e Chest pain

* Nausea and vomiting

* Rapid breathing and rapid heart rate
o Tever

+ Confusion, disoricntation
+ Sinus problems

* Euraches

* Shortness of breath

* Dizziness

« Hypotension

e Arrhythmia

« Fainting

* Coma

+ Convulsions

» Respiratory failure

Moderate levels of poisoning are usually mani-
fested by headache, dizziness, weakness, nausea.
confusion, shortness of breath, visual disturbances.
chest pain, loss of consciousness. abdominal pain,
and muscle cramping.™ Because of the wide array
of symptoms associated with carbon monoxide poi-
soning, it is estimated that one-third of all victims
of such poisoning are misdiagnosed.”

As mentioned above, a measurement that is em-
ployed to determine the level of carbon monoxide
in the blood 15 known as the carboxyhemoglobin
(COHDb) level. This level is stated as a percentage
ranging from 0% to 100%. Anything over 70% is
generally considered to be fatal ** Anything in the
range of 10% to 50% can generaily produce the
diftuse neurclogical symptoms that are mentioned
above.”” A COHb level of 10% is equal to an air
concentration of 70 parts per million.™

The defense may frequently focus on carboxy-
hemoglobin (COHb) levels as evidence of the fact
that the plainti{l could not have suffered significant
injury. Frequently, however, COHb fevels taken
at a hospital are not illustrative of true levels of
exposure because they are generally taken after the
victim has been given pure oxygen by the rescue
squad al the scene, additional pure oxygen en route
to the hospital, and then, in many cases, given addi-
tional pure oxygen upon arrival at the hospital. The
victim may also have been out in the open air for
an extended period of time before the rescue squad
arrives at the scene.” Finally, the COHb level does
not reflect the length of exposure. or ““soak time.”
A patient with a low COHb level and a high “soak
time™ may have suftered significantly more damage
to his cellular structure than onc with a high COHb
fevel and a low “soak time.™

Carbon monoxide removal can be sped up by
raising the oxygen concentration in the blood
cither by giving the patient pure oxygen at normal
atmospheric conditions (normobaric oxygen). or
by placing the patient in a pressurized chamber,
called a hyperbaric oxygen chamber, where the
pure oxygen is administered under a higher pres-
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sure, generally at two to three times the normal
atmospheric pressure.” This increase in pressure
increases the amount of oxygen dissobved in the
blood plasma (from 0.32 to 6.0 mL. oxygen / 100
mL blood at three atmospheres)™ and bypasses the
bound hemoglobin.* In addition. hyperbaric treat-
ment speeds the climinatton of carbon monoxide.™
This hyperbaric treatment is gencrally considered
to be most effective when provided as soon as
possible.™ There is some controversy as to whether
this hyperbaric treatment, provided days or weeks
after the exposure, has any real effect.™ The proper
administration of [00 percent oxygen washes

the system of carbon monoxide. The sooner that
oxygen therapy is provided after the exposure, the
greater chance there s that the patient will avoid
permanent injury. Carbon monoxide, unlike many
other foreign elements that invade the body, does
its damage and then leaves. If a victim is properly
and promptly treated, the damage to the organs

and musculature may be minimal or nonexistent;
however. if the damage has been donc to the organs
and/or musculature then the victim may well be left
with significant symptoms despite treatment.

Another factor that needs to be considered in that
regard is that if the people exposed are smokers.
then they may typically have « COHb level of up
10 7% As such, they may normally have a higher
COHb level than would a nonsmoker, Nonsmokers
typically have COHb levels between 1 percent and
3 pereent. ™

More troubling is the question of the delayed
onset of symptoms. Studies have shown that
anywhere from 2.8 percent™ to 40 percent® of the
victims of acute carbon monoxide intoxication
present delayed neurologic sequelae. These victims
have a lucid interval during which they appear to
have recovered, only to suffer subsequent deteriora-
tion.*' This lucid interval ranges trom three to 240
days.** Between 50 and 75 percent of those atflicted
with the delayed onset of symptoms recover within
one year.* The delayed onset of symptoms, coupled
with the difficulty in making the original diagnosis
of carbon monaxide poisoning in the absence of
a clear history of exposure.,* can make it difficult
first for patients to receive appropriate care and
treatment. and second. for a nexus between the
exposure and the injury to be established to a judge
or jury’s satislaction,

In terms of discovery, some of the basic items
that need to be obtained in a carbon monoxide case
are the following:

I All fire department reports and documents
on the exposure;
All Hazmat readings of carbon monoxide:
Building. architectural, and mechanical plans
for the site of the exposure;
4. All records of service and inspection of the
appliance that 1s belicved to be the source of
the carbon monoxide:

[ !.J

5. The identity of all persons in the building at
the time of exposure:

6. The identity of all persons reporting carbon
monoxide exposure or that were treated for
such: and

7. All notices of violation as to the appliznce
that is believed to be the source of the carbon
monoxide.

In terms of case sclection. prospective clients

with radiologically identifiable findings fit the

ideal casc pattern. Cases with diffuse neurological
symptoms and negative neurologicai findings are
more difficult and will require more medical and
lay testimony as to causation and therefore. more
circumspection as part of the case selection process.
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