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Abstract Poisoning by methane (CH4) and carbon monoxide (CO) is one of
the critical issues in modern toxicology due to the high toxicity and widespread
occurrence of these gases, which increase the risk of exposure. This paper examines
the mechanisms of methane and carbon monoxide poisoning, their effects on the
body, and the chemical and physicochemical methods for detecting
carboxyhemoglobin (HbCO) in blood.
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Mechanisms of Poisoning by Methane and Carbon Monoxide

Methane Poisoning

Although methane is an inert gas, inhaling it at high concentrations can lead
to hypoxia. Methane displaces oxygen molecules, resulting in oxygen deficiency in
the body. This condition often occurs in confined environments or during work in
deep mines.

Carbon Monoxide Poisoning

Carbon monoxide binds strongly to hemoglobin, forming carboxyhemoglobin
(HbCO). HbCO has a binding affinity 200 times greater than oxygen, effectively
reducing oxygen transport. This leads to hypoxia and systemic disorders that can
result in death. Initial symptoms of carbon monoxide poisoning include dizziness
and headaches, but later stages can involve loss of consciousness and respiratory
arrest.

Methods for Analyzing Carboxyhemoglobin
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Chemical Methods

Spectrophotometry This method uses the absorption properties of HbCO at
specific wavelengths of light. HbCO absorption peaks are at 541 and 579 nm. Blood
samples are analyzed in a hydroxide solution to determine HbCO concentration.

Gasometric Analysis The composition of gases extracted from blood is
analyzed. This method is employed to precisely measure the amount of CO.
Gasometric analysis is conducted using modern instruments.

Physicochemical Methods

Infrared Spectroscopy This technique analyzes HbCQO's spectrum in the
infrared range. Infrared spectroscopy distinguishes HbCO from other forms of
hemoglobin.

Electrochemical Methods Electrodes are used to measure CO levels in the
blood. These methods are highly accurate and sensitive, suitable for rapid analysis.
Modern electrodes use biomimetic materials, enhancing the detection efficiency of
HbCO.

Mass Spectrometry This method determines the mass of CO and HbCO
molecules to measure their concentrations. Mass spectrometry is preferred in
situations requiring high precision. Its advantage lies in analyzing small sample
volumes.

Chromatographic Methods Gas chromatography is used to separate and
identify HbCO and other gases. This method yields highly accurate results.

Treatment of Poisoning Cases

Addressing Hypoxia
Oxygen therapy or hyperventilation is used to increase oxygen levels in the body.
This method enhances the availability of unbound oxygen in the bloodstream.

Hyperbaric Oxygen Therapy
Administering oxygen under high pressure accelerates the dissociation of HbCO
from hemoglobin. This method is particularly effective in severe cases.

Detoxification Agents
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Medications that neutralize toxins in the body are administered. In some cases,

specific drugs are added to restore normal hemoglobin function.

Preventive Measures
Installing detectors in areas with potential carbon monoxide emissions and providing
workers with protective equipment can help prevent poisoning incidents.

Conclusion Poisoning by methane and carbon monoxide poses life-
threatening risks. Employing modern analytical methods to detect HbCO enables
effective diagnosis in the early stages of poisoning, thereby improving treatment
outcomes and preventing complications. Implementing preventive measures is
equally essential to safeguard against poisoning incidents.
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