CHEMICAL AGENTS

Chemical weapons, which are relatively inexpensive to produce and rely more on their toxic properties of chemical substances rather than the explosive properties, can be psychologically devastating, inflict painful internal and external injuries and cause death. Topping the list of chemical agents are visicants, such as mustard gas, that have a relatively low lethality, and nerve gases, such as sarin, that are extremely toxic and easier to distribute in the air. 

Most of the nerve agents were originally synthesized in a search for insecticides, but because of their toxicity, they were evaluated for military use. Nerve agents were used by Iraq against Iran and have been used by terrorists. They are known to be included in military stockpiles of several nations, including the United States. Nerve agents are designed to kill people by binding up a compound known as acetylcholinesterase (the body's off switch). Acetylcholinesterase is essential for removing acetylcholine, the body's voluntary muscle and gland "on switch." With reduced or no acetylocholinesterase, the glands and voluntary muscles continue to be stimulated by the acetylcholine; eventually the muscles tire and can no longer sustain breathing functions.

MUSTARD GAS

Overview 

Mustard gases, developed in the mid 19th Century and used extensively during the trench warfare of World War I, are colorless when pure but are typically a yellow to brown oily substance - making them hard to wash off the skin - with a slight garlic or mustard odor. Nitrogen mustard and sulfur mustard are the most feared because of their chemical stability, their persistency in the field, how they affect the skin, eyes and respiratory tract, and because no effective therapy is yet available for countering their effects.

Transmission

Mustard gases are mostly transmitted through inhalation. The vapors are heavier than air, and when inhaled can cause immediate internal damage. Vapors and liquids can also be absorbed through the eyes, skin and mucous membranes. Ingestion and inhalation may cause local effects and systemic absorption.

Symptoms

Direct exposure on the skin to mustard gases causing blistering and burning. Inhalation can cause sneezing, coughing, and bronchitis, in addition to fever and diarrhea. Once in the eyes, mustard gas can temporarily blind. Exposure to nearly lethal doses can produce injury to bone marrow, lymph nodes, and spleen causing a drop in white blood cell count.

Diagnosis & Treatment

Seek medical attention immediately. If breathing with difficulty continues, give oxygen. If breathing stops give artificial respiration - mouth-to-mouth only when there is no facial contamination. Immediately wash skin and clothes with 5 percent solution of sodium hypochlorite or liquid household bleach within one minute. Cut and remove clothing, flush skin area again with 5 percent sodium hypochlorite solution, then wash area with soap and water. Immediately flush eyes with water for 15 minutes. Do not cover eyes or open blisters and burns with bandages. If ingested, do not induce vomiting. Give milk to drink.

Disease & Mortality

An area of burn covering more than 25 percent of the body surface may be fatal. But the most common cause of death is complications after lung injury caused by inhalation of mustard agent. Large doses of ingestion and inhalation can lead to an increased risk in fatal complicating infections - including chronic respiratory diseases - and cancers. Internal organs may also be injured, mainly blood-generating organs, as a result of mustard agent being taken up through the skin or lungs and transported into the body. People who die after exposure to mustard agent usually do so after a few days up to one or more weeks.

Prevention & Action 

Hold breath until respiratory protective mask is donned. Fire-fighting personnel should wear full protective clothing and respiratory protection during fire fighting and rescue. Positive pressure, full-face piece, NIOSH-approved self-contained breathing apparatus (SCBA) should be worn. Wear protective Gloves, such as Butyl Rubber Glove M3 and M4 Norton Chemical Protective Glove Set. Wear chemical goggles and face shield. The CDC provides information and emergency protocol for rescuers and emergency health care workers.

VX GAS

Overview 

Originally developed in the 1950s in Great Britain as a pesticide and given to the United States for military development, VX is a nerve gas that is designed to kill people. It is considered to be 100 times more toxic by entry through the skin than Sarin gas and twice as toxic by inhalation. VX is very persistent and when dispersed heavily can remain in the air for several weeks under average weather conditions. Under cold conditions it can remain for months. VX, when in its pure state, is a colorless, nonvolatile oil. It can become an amber-colored liquid. It has almost no odor. An accidental release in Utah in 1968 caused the death of thousands of sheep. Iraq has disclosed producing four tons of the nerve agent. U.N. investigators say Iraq obtained enough chemicals used to make more than 400 tons of VX.

Transmission

VX can enter the body by inhalation, ingestion, through the eyes and through the skin. But vapors are typically not absorbed through the skin unless the gas is at a very high concentration. Ingestion of nerve agents is rare, however they are highly toxic when swallowed.

Symptoms

Symptoms can appear in any order based on how the individual was exposed. Commonly noted symptoms include runny nose, watery eyes, drooling, tightness of the chest, difficulty in breathing, loss or dimness of vision, nausea, vomiting, cramps, twitching, staggering, headache, confusion, coma and convulsions.

Diagnosis & Treatment

If VX comes in contact with the skin, remove contaminated clothing and wash skin with large amounts of soap and water or 5 percent liquid household bleach. Rinse with water. VX absorbs slowly through the skin, but is extremely toxic by this route of entry. If VX comes in contact with the eyes, immediately flush them with water for 10 to 15 minutes. VX absorbs rapidly into the eyes, about 100 times faster than sarin gas. If ingested do not induce vomiting. If severe signs continue, immediately administer, in rapid succession, all three Nerve Agent Antidote Kit(s), Mark I injectors - atropine if directed by a physician. If signs and symptoms are progressing, use injectors at five to 20 minute intervals. No more than three injections unless directed by medical personnel.

Disease & Mortality

VX doses which are potentially life-threatening may be only slightly larger than those producing least effects. Death usually occurs within 15 minutes after absorption of a fatal VX dosage. VX causes paralysis by poisoning the body's nervous system. A drop on the skin can kill within minutes.

Prevention & Action 

VX is one of the easiest nerve gases to treat, increasing the chances of surviving poisoning. Hold breath until respiratory protective mask is donned. Skin contact must be avoided at all times. Fire-fighting personnel should wear full protective clothing and respiratory protection during fire fighting and rescue. Positive pressure, full-face piece, NIOSH-approved self-contained breathing apparatus (SCBA) should be worn. Wear protective Gloves, such as Butyl Rubber Glove M3 and M4 Norton Chemical Protective Glove Set. Wear chemical goggles and face shield. The CDC provides information and emergency protocol for rescuers and emergency health care workers.

SARIN GAS

Overview 

Originally developed in Germany in 1938 as a pesticide, sarin gas was later tested by the German Ministry of Defense as a military weapon to kill people. The manufacture of sarin never started properly and up to 1945 only about half a ton of this nerve agent was produced in a pilot plant. Sarin falls in the category of G agents along with soman and tabun, which are not nearly as toxic as the later developed V agents, including VX gas. Sarin is a colorless, volatile liquid mainly taken up through inhalation. It also can be dissolved in water easily. Sarin gas was used in 1994 and 1995 by a Japanese religious cult, Aum Shinrikyo, to kill 19 people and sicken thousands in a quiet residential area of Matsumoto and in a Tokyo subway.

Transmission

The gas is extremely toxic by all routes of exposure. It emits very toxic fumes of fluoride and phosphorus oxides when heated to decomposition or reacted with steam. Sarin can enter the body by inhalation, ingestion, through the eyes and through the skin. But vapors are typically not absorbed through the skin unless the gas is at a very high concentration. Ingestion of nerve agents is rare, however they are highly toxic when swallowed.

Symptoms

The first indication of exposure to sarin may be a reaction at the point of contact: localized sweating, muscular twitching and pinpoint eye pupils. Running nose, tightness of the chest with shortness of breath and dimness of vision may be noted. In more severe exposure, headache, cramps, nausea, vomiting, involuntary defecation and urination, twitching, jerking, staggering, convulsions, drowsiness, coma and respiratory arrest may be seen.

Diagnosis & Treatment

The various nerve agents that cause poisoning are more or less easy to treat with oximes. From this standpoint, VX and sarin are the easiest to treat and all oximes used increase the chances of surviving poisoning with these nerve agents. Immediate decontamination of even the smallest drop is essential. Effects may be delayed with dermal exposure. If sarin comes in contact with the skin, remove contaminated clothing and wash skin with large amounts of soap and water or 5 percent liquid household bleach. Rinse with water. If sarin comes in contact with the eyes, immediately flush them with water for 10 to 15 minutes. Two drugs, atropine and pralidoxime chloride, have been used as antidotes for nerve agent poisoning.

Disease & Mortality

Death may occur within one to 10 minutes of inhalation exposure to a minute amount of sarin. It is 26 times more deadly than cyanide gas and is 20 times more lethal than potassium cyanide.

Prevention & Action 

Hold breath until respiratory protective mask is donned. Skin contact must be avoided at all times. Fire-fighting personnel should wear full protective clothing and respiratory protection during fire fighting and rescue. Positive pressure, full-face piece, NIOSH-approved self-contained breathing apparatus (SCBA) should be worn. The CDC provides information and emergency protocol for rescuers and emergency health care workers.

SOMAN

Overview 

The third of the "classic" nerve agents - following sarin and tabun - produced by German chemists at IG Farben was soman, which was first produced in 1944. It is a colorless, odorless liquid and a moderately volatile substance that can be taken up by inhalation or skin contact. Soman is persistent, and when dispersed heavily it can remain in the area for several days under normal weather conditions. It is thought to evaporate four times slower than water.

Transmission

Soman can enter the body by inhalation, ingestion, through the eyes and to a lesser extent through the skin.

Symptoms

Symptoms can appear in varying order based on how the individual was exposed. Commonly noted symptoms include runny nose, watery eyes, drooling, tightness of the chest, difficulty in breathing, loss or dimness of vision, nausea, vomiting, cramps, twitching, staggering, headache, confusion, coma and convulsions.

Diagnosis & Treatment

Of all the nerve gases, Soman is the most difficult poisoning to treat and can only be counteracted with HI-6, an oxime that directly reacts with the cause of the injury. Soman poisoning is complicated by the inhibited enzyme going through an "aging" process. Following aging, the enzyme cannot be reactivated by any oxime. It is possible that HI-6 has some further positive antidote effect in addition to its reactivating ability. If soman comes in contact with the skin, remove contaminated clothing and wash skin with large amounts of soap and water or 5 percent liquid household bleach. Rinse with water. If soman comes in contact with the eyes, immediately flush them with water for 10 to 15 minutes.

Disease & Mortality

Soman is lethal and about twice as toxic by inhalation. The lethal dose of soman gas by inhalation is less than half of that for sarin and tabun. When soman comes in direct contact with the skin, only about 10 percent of the lethal dosage size of sarin and tabun is needed for it to be considered lethal. But it is not as deadly as VX gas.

Prevention & Action 

Hold breath until respiratory protective mask is donned. Skin contact must be avoided at all times. Fire-fighting personnel should wear full protective clothing and respiratory protection during fire fighting and rescue. Positive pressure, full face piece, NIOSH-approved self-contained breathing apparatus (SCBA) should be worn.

TABUN

Overview 

Tabun is an extremely toxic chemical that attacks the nervous system. It is a clear, colorless, and tasteless liquid with a slight fruit odor. As little as one drop to a few milliliters of tabun contacting the skin can cause death within 15 minutes. Tabun was originally developed in Germany in 1936, as an insecticide.

Transmission

Tabun is readily absorbed from the respiratory tract, skin and eyes. Vapors are not absorbed through the skin except at very high concentrations. Persons whose skin or clothing is contaminated can contaminate others by direct contact or through off-gassing vapor. Persons whose skin is exposed only to the vapor pose no risk of secondary contamination. However, clothing can trap vapor. Eye injuries may result from both direct contact and systemic absorption. Ingestion of nerve agents is expected to be relatively rare compared to inhalation exposure or skin contact. However, tabun is readily absorbed from the gastro-intestinal tract and is highly toxic.

Symptoms

Tabun exposure causes runny nose, watery eyes, drooling, excessive sweating, tightness of the chest, difficulty in breathing, dimness of vision, nausea, vomiting, cramps, loss of bladder/bowel control, twitching, jerking, staggering, headache, confusion, drowsiness, coma and convulsions. Symptoms occur immediately if you inhale nerve agent vapor but may be delayed for several hours if you get nerve agent liquid on your skin.

Diagnosis & Treatment

Activity of a certain blood enzyme can be measured to assess exposure and recovery. There are antidotes for nerve agent poisoning but they must be administered quickly after exposure. Immediate decontamination is critical and hospitalization may be needed. Treatment consists of supportive measures and repeated administration of antidotes. Patients who have severe exposure should be evaluated for persistent nervous system conditions.

Disease & Mortality

Tabun is lethal. It can cause loss of consciousness and convulsions within seconds and death from respiratory failure within minutes of exposure. Complete recovery may take several months. After a severe exposure with prolonged seizures, permanent damage to the central nervous system is possible.

Prevention & Action 

Hold breath until respiratory protective mask is donned. Skin contact must be avoided at all times. Fire-fighting personnel should wear full protective clothing and respiratory protection during fire-fighting and rescue. Positive pressure, full face piece, NIOSH-approved self-contained breathing apparatus (SCBA) should be worn. Ambulance teams and hospitals in many communities are stocking antidotes. The CDC provides information and emergency protocol for rescuers and emergency health care workers.

HYDROGEN CYANIDE

Overview 

Hydrogen cyanide is a colorless or pale-blue liquid at room temperature, with a characteristic bitter almond odor. It is very volatile, readily producing flammable and toxic concentrations at room temperature. It rapidly becomes a gas that can produce death in minutes if breathed. It gives off irritating or toxic fumes in a fire. Hydrogen cyanide gas mixes well with air and explosive mixtures are easily formed. Hydrogen cyanide is used in making fibers, plastics, dyes, pesticides, and other chemicals, and as a fumigant to kill rats. It is also used in electroplating metals and in developing photographic film.

Transmission

Hydrogen cyanide is a highly toxic systemic poison that is absorbed well into the body by inhalation, through the skin and by ingestion.

Symptoms

Breathing small amounts of hydrogen cyanide may cause headache, dizziness, weakness, nausea and vomiting. Larger amounts may cause gasping, irregular heartbeats, seizures, fainting and even rapid death. The substance may cause effects on the central nervous system, resulting in impaired respiratory and circulatory functions. Generally, the more serious the exposure, the more severe the symptoms. Similar symptoms may be produced when solutions of hydrogen cyanide are ingested or come in contact with the skin.

Diagnosis & Treatment

The treatment for cyanide poisoning includes breathing pure oxygen, supportive care and rapid administration of specific antidotes. Persons with serious symptoms will need to be hospitalized. Specific tests for the presence of cyanide in blood and urine generally are not useful to the doctor. If a severe exposure has occurred, blood and urine analyses and other tests may show whether the brain or heart has been injured. Testing is not needed in every case.

Disease & Mortality

Hydrogen cyanide is highly toxic by all routes of exposure and may cause abrupt onset of profound nervous system, cardiovascular and respiratory effects, leading to death within minutes. Exposure to lower concentrations of hydrogen cyanide may lead to coma and death.

Prevention & Action 

Mineral acids are commonly used as stabilizers. The CDC provides information and emergency protocol for rescuers and emergency health care workers.

PHOSGENE OXIME

Overview 

Phosgene oxime is a stinging agent and one of the least well studied chemical warfare agents. Specific information is limited. Phosgene oxime is a colorless, crystalline solid or a yellowish-brown liquid with a disagreeable penetrating odor. The solid can vaporize at ambient temperatures and trigger symptoms of exposure. Phosgene oxime is known to cause more severe tissue damage than blistering agents and other stinging agents. It was developed as a potential chemical warfare agent but there is no record of its use on the battlefield.

Transmission

Inhaled phosgene oxime is extremely irritating to the upper airways and causes fluid to build in the lungs. Pain and local tissue destruction occur immediately on contact with skin, eyes and mucous membranes. Phosgene oxime is rapidly absorbed from the skin and eyes and may result in systemic toxicity. Animal studies suggest phosgene oxime may induce hemorrhagic inflammatory lesions in the gastrointestinal tract. Persons whose clothing or skin is contaminated with liquid or solid phosgene oxime can contaminate others by direct contact or through off-gassing vapor. Persons exposed only to phosgene oxime vapor pose no risk of secondary contamination.

Symptoms

Direct contact with phosgene oxime results in immediate pain, irritation and tissue death. Inhalation and systemic absorption may result in fluid build-up in the lungs, death of bronchioles and blot clots or blockages in the lungs. It is considered a corrosive agent because it causes extensive tissue damage. The skin effects are similar to those caused by strong acids. Extreme pain may persist for days. Contact with the eyes may result in severe pain, conjunctivitis and inflammation of the cornea. Although there is no human data, animal studies suggest that hemorrhagic inflammatory lesions may occur throughout the gastrointestinal tract.

Diagnosis & Treatment

There are no specific tests to confirm exposure. There is no antidote for phosgene oxime. Its effects can be treated in the same way as burns from other causes (e.g., strong acids). Treatment usually consists of supportive measures. Exposed persons may need to be hospitalized

Disease & Mortality

There is no information evaluating future health effects. Eye and pulmonary exposure may cause incapacitating inflammation, systemic absorption and death.

Prevention & Action 

The CDC provides information and emergency protocol for rescuers and emergency health care workers.

