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Hydrogen sulfide is one of the best know chemical agents in the world. Most people are familiar with its characteristic rotten-egg odor, and it is a popular production in high school chemistry classes throughout the United States. Few of the chemistry students working with hydrogen sulfide realize that it is a very hazardous gas, capable of producing fatal effects within seconds of inhalation with No warning.

This paper is an overview of the Biochemical effects of hydrogen sulfide and the common treatments and antidotes for exposure to the gas in use throughout the world today. Sources and uses of hydrogen sulfide, physical properties and routes of exposure to the chemical will be reviewed. Government regulations regarding permissible exposure to hydrogen sulfide will be provided. The mechanism of action of the gas on mitochondrial respiration as well as the rationale behind the commonly used antidotes for acute poisoning will be examined, and studies of short and long-term effects of the chronic exposure to the gas will be summarized.

Physical properties, Sources and Uses, Routes of Exposure

Hydrogen sulfide is a colorless, flammable, explosive gas. It is shipped as a liquefied compressed gas in cylinders, tank trucks and rail cars. It has a characteristic odor of rotten-eggs; however, this warning property is not dependable. The odor is detectable at about 0.02 ppm (parts per million). Olfactory nerve fatigue occurs in two to fifteen minutes at 100 to 150 ppm and at continuous low concentrations for long periods of time. The boiling point of hydrogen sulfide at atmospheric pressure is –60.6 degrees Celsius or –77 degrees Fahrenheit. It is slightly water-soluble and is heavier than air with gas density of 1.2. It is highly flammable and explosive between 4 and 45% concentration in air and may travel to a source of ignition and flash back. Hydrogen sulfide reacts with strong oxidizers, strong nitric acid and metals.

Hydrogen sulfide is produced naturally by decaying organic matter and is released from sewage sludge, liquid manure, sulfur hot springs and natural gas. It is a by-product of many industrial processes, including rayon manufacturing, sugar-beet processing petroleum refining, hot-asphalt paving and wood-pulp processing. It is used to produce elemental sulfur, sulfuric acid and heavy water for nuclear reactors.

Because it is a gas at room temperature, inhalation is the major route of exposure to hydrogen sulfide. The lungs rapidly absorb it. Although its odor is easily identified, olfactory fatigue occurs. For this reason, odor is not a reliable indicator of hydrogen sulfide’s presence and may not provide adequate warning of hazardous concentrations. This is a crucial training point in occupational safety for those workers involved with hydrogen sulfide production or use. I have personally witnessed the respiratory arrest of an employee of a research facility from hydrogen sulfide exposure of 300 ppm with no odor warning whatsoever. Absorption through intact skin is minimal; however, prolonged exposure to the gas may result in dermatitis and burning eyes.

The OSHA and NIOSH set governmental guidelines for permissible exposure to hydrogen sulfide. OSHA permissible exposure limit for an eight-hour work shift is 10 ppm. The short-term exposure limit, or the maximum concentration a person may safely receive in fifteen minutes, is 15 ppm. The NIOSH concentration deemed to be immediately dangerous to life and health (IDLH) is 300 ppm. It is unlikely that an unaccustomed worker could tolerate the odor above 10 ppm for eight hours. However, as olfactory fatigue occurs, IDLH conditions could be reached without the worker’s knowledge.

Mechanism of Injury

Most hazardous gasses are either pulmonary irritants, causing damage to the mucous membranes of the respiratory tract, or asphyxiant which interfere with oxygen delivery. Hydrogen sulfide is rather unique because it is both an irritant and an asphyxiant. Because it is soluble in water, Hydrogen sulfide dissolves into the moisture found on the mucous membranes, forming sodium sulfide on contact with water and salts found in the respiratory system. The irritant effect generally occurs at lower concentrations and may initially result I eye irritation, dispend, cough and rhinitis.

The asphyxiant properties of hydrogen sulfide are similar to those of another toxic gas, Hydrogen Cyanide. Both gases interfere with oxidative phosphorylation, specifically inhibiting cytochrome c oxidase activity. Cytochrome c oxidase is composed of two heme a groups, one binuclear copper site, one monoclear copper site and one bound Mg ++ per monomer. It uses cytochrome c as an electron donor. One of the heme groups, a3, is the oxygen-binding site, where the oxygen inserts to continue the electron transport chain. 


In mammals, cyanide and hydrogen sulfide combine with Fe2+ ion on the heme a3 center.  This substitution of CN or S for O prevents the continuation of the redox reaction. ATP production stops and cellular respiration quickly cease. Anaerobic metabolism begins, causing a buildup of lactic acid with subsequent metabolic acidosis. The resulting chemical asphyxia may result in headache, nausea, ataxia, confusion, seizures and cardiovascular collapse, with more severe manifestations seen at higher doses.

Antidotes

The commonly used antidote for hydrogen sulfide poisoning in the United States is the Eli Lilly cyanide antidote kit. This is a principally supportive treatment theoretically based in cyanide therapy. The kit is available on physician order and contains amyl nitrite, sodium nitrite an sodium thiosulfate along with various needles, syringes and a nasogastric tube. 

