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“Blood Agents” is a term used to describe a group of chemical threats that were first developed for use in World War I. They don’t really poison the blood but, rather, are poisons that are distributed throughout the body by the blood.  For this reason they are also thought of as systemic agents or systemic poisons. The most famous of these produce “cyanide” when our bodies are exposed to them and include both hydrogen cyanide and cyanogen chloride. In this overview we will present some information on cyanogen chloride. 

Alternate names: (a) chlorine cyanide, (b) chlorocyanogen, and (c) chlorcyan.  It is currently identified by the NATO abbreviation “CK” although much earlier it was dubbed “CC”. 

Physical properties: This is a liquid with a low boiling point (13°C; 55°F), a melting point of –6°C and a molecular mass of 61.5. The liquid has density of 1.19 at 20°C. Under standard conditions CK has a vapor density of about 2.1. Although a colorless gas at room temperature, this compound is often handled as a cylinder of liquefied gas. 

Cyanogen chloride shows solubility in both water (69 g/liter of water or about 2 1/4 ounces/gallon of water) and in most organic solvents (e.g., ethanol, chloroform or benzene); however, such mixtures often are unstable. 
History/Preparation: Cyanogen chloride's first reported preparation, by a French chemist, was in 1787. It was prepared by the action of chlorine (Cl2) upon hydrocyanic acid (aka prussic acid). At that time cyanogen chloride was called “oxidized prussic acid”. The equation below shows a related synthesis, one involving the reaction of chlorine with a water solution of sodium cyanide. The correct formula for CK seems to have been first established by Gay-Lussac in 1815. 

Cl2 + NaCN  ( ClCN + NaCl

Chemists would likely view cyanogen chloride as a cyanide analog of molecular chlorine or, perhaps, as the chlorine of cyanogen. (NOTE: Like CK, cyanogen is highly poisonous.)  
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Finally, it is important to note that the word “cyanogen” sometimes is used to describe any substance that will form cyanide in the body. By this extended definition of “cyanogen”, cyanogen chloride is an example of a cyanogen as is the substance known as “oil of bitter almonds”.

Use as a War Gas: When used as a weapon of some sort, cyanogen chloride (CK) is likely to be encountered as a mist/gas/vapor. It is sufficiently volatile that it probably would NOT be encountered as a liquid. 

Beginning in the middle of 1916 cyanogen chloride (CK) was used in WWI in part as a replacement for hydrogen cyanide. The potential advantage to CK was that it was more dense than hydrogen cyanide and, therefore, less likely to be blown away by the wind and more likely to settle into trenches. Cyanogen chloride is considered to be a non-persistent substance because of its volatility. The use of CK in WWI was championed by the French, who called it Mauguinite. The toxic action of cyanogens chloride is similar to that of HCN, but it is much more effective in low concentrations/prolonged exposure. Unlike HCN, in low concentrations CK is also an irritant to the eyes and lungs. 

On storage CK tends to react with itself and form a more complex molecule, cyanuric chloride (CNCl)3. This is made up of three molecules of CK. Since cyanuric chloride is much less physiologically active than is CK, it is of reduced value as a chemical warfare agent when compared to CK. To minimize the impact of this stability problem on utilizing it as a poison, the French produced an agent for use in WWI that they called Vitrite, a mixture containing 70% cyanogen chloride and 30% arsenic trichloride. (Arsenic trichloride also is a poison.)

The U.S. Army examined cyanogen chloride in the early 1930’s for its value as a chemical warfare agent, but rejected the idea. During WW II the US military again evaluated CK as a possible chemical warfare agent. After World War II, cyanogen chloride disappeared from chemical weapons stockpiles, largely replaced by more toxic substances. Annual worldwide production of cyanogen chloride is quite large, exceeding 230,000 tons. Because of it is widespread industrial use, hence availability, CK still has potential as a terrorist weapon. Since it is rather volatile it would be much more dangerous if used indoors rather than outdoors.  
Physiological Properties: Cyanogen chloride, like hydrogen cyanide, is poisonous. In addition to being a poison, it is a lachrymator (tearing agent).  It has a pungent odor that has been described as “pepper-like.” Its toxicity is due largely to its conversion to cyanide in the body. Cyanogen chloride vapor has been estimated to have a minimum irritating concentration of approximately 0.0025 milligrams/liter of air (i.e., 0.0025 mg/L). Expressed differently, this is about 1 part per million (ppm). It also has been suggested to have a threshold of intolerability of approximately twenty times this amount. 

When exposed to its vapors, perhaps the first physiological symptom to be noted is eye irritation. In fact, it may be difficult to decide whether this symptom comes from exposure to cyanogen chloride or to some riot control agent (“tear gas”). Exposure to small amounts of cyanogen chloride can lead to other symptoms including:  headache, dizziness, elevated pulse rate and a red/flushed appearance of the skin. (NOTE: Not all victims may exhibit all symptoms.) Exposure to larger amounts can, in addition, quite rapidly lead to convulsions, coma and death.

Cyanogen chloride is not as poisonous as are some modern chemical warfare agents.  It has an LCt50a of about 11,000 milligram-minute/cubic meter of air. This can be compared to that of hydrogen cyanide, which is about one-third to one-quarter of this amount. Thus hydrogen cyanide is more toxic than cyanogen chloride.

Therapies/Antidotes: Our bodies can detoxify SMALL amounts of cyanide and so exposure to VERY LOW doses may not represent an immediate threat. (For example, cyanide is found in cigarette smoke but smokers are much more likely to die of things other than cyanide poisoning!) It is clear that supportive actions are important to be able to survive exposure to larger amounts. In addition to supplemental oxygen, CPR also may be required. The use of antidotes to increase survival can take several routes. In the United States sodium nitrite and sodium thiosulfate administered IV often is used. The interested individual is referred to the excellent review by Dr. S. Baskin for details (Steven I. Baskin, “Cyanide Poisoning”, in Textbook of Military Medicine, Part I, Medical Aspects of Chemical and Biological, Ch. 10, Dept. of the Army, R. Zajtchuk, Editor in Chief, Office of the Surgeon General, 1997). In addition, the current edition of “Medical Management of Chemical Casualties Handbook” (Chemical Casualty Care Division, USAMRICD) is useful. 

Decontamination under emergency conditions can be undertaken using a water spray or soap and water. Water is attractive since it is safe for use around the eyes, for example. However, as the time between exposure and decontamination increases, the effectiveness of the use of water decreases. Since water does not neutralize chemical agents rapidly, the waste water from such decontamination should be considered to be contaminated. While dilute (0.5%) solutions of “chlorine bleach” such as Clorox are useful for decontamination of equipment that can withstand exposure to water, it is considered by some to be a less desirable material for skin decontamination. Even dilute Clorox solutions are dangerous to the eyes and the mucous membranes!

a LCt50 is a measure of the exposure needed to kill 50% of the exposed population. This considers both the amount of material to which a person is exposed (“C”) and the length of time that they are exposed (“t”). For details see “The Language of Nightmares”, A. L. Ternay, Jr., Simpler Life Press, Denver, 2003.
