The Problem of Chemical Weapons Disposal

Abstract


In accordance with a congressional directive, the United States Army is destroying its stockpile of chemical weapons including VX and Sarin, which are nerve agents.  Nerve agents, like many modern pesticides, are organic phosphorus compounds that inhibit the action of acetylcholinesterase disrupting the nervous system causing death.  The Army has begun destruction of chemical weapons using incinerators, and has built them at two of proposed eight sites.  The pilot program was built on the Johnston Atoll and while the Army claims the system is safe there has been a release of untreated nerve agent, and the facility has been fined by the EPA.  Citizens groups across the country have joined together to lobby for the development of other methods to destroy chemical weapons.  They claim that the system is unsafe and the wastes that are released are hazardous particularly their potential synergistic effect with pesticides and emissions from surrounding industry.  Currently the Army has been tasked to develop two alternate technologies to incineration.

“The significant problems we face cannot be solved at the same level of thinking we were at when we created them.”

-A. Einstein

Background


While the United States Army has never brought the full force of its chemical arsenal to bear it has maintained a chemical weapons inventory containing some of the most deadly chemical weapons known including nerve agents VX and Sarin (GB).  As part of a 1985 congressional directive, the United States Army is attempting to dispose of its chemical weapons inventory quickly and safely.  This has not be an easy task, particularly from an environmental and public health standpoint, where even a small emission of untreated gas could be deadly to both the surrounding biota and human communities.  One would think that the destruction of chemical munitions would be unilaterally welcomed but many people however feel that the incinerator-based technology being used by the Army is not safe. Citing failures in incinerators currently being used, they oppose further use of this method.  These citizen groups believe the destruction of chemical weapon stockpiles should wait until alternate, safer technologies have been examined.


The use of chemical weapons dates back to ancient times when the Spartans placed tar on the walls of buildings, lit it on fire and used the smoke to drive their enemies out.  Modern chemical warfare has its roots from the trenches of World War One.  The Germans employed both chlorine gas and mustard gas to kill their enemies and attempt to dislodge them from the trenches.  During World War Two there was little use of chemical weapons.  The Japanese army employed them at the beginning of the war against China. Moreover, the German army had amassed a large chemical weapons capability; the allied forces seized nearly 12,000 tons of Tabun, a nerve agent, at the end of the war (OPCW homepage).  The most recent use of chemical weapons has been by Iraq in the1980-1988 Iran–Iraq conflict (Dunnigan, 1993).

The United States Army has not employed nerve agent in combat, even though they have maintained a chemical weapons inventory for over 40 years (CDSP Homepage).  The doctrine used by the Army regarding chemical weapons has been to use them only in response to another country using them first except herbicides and riot control agents (AIPD 1987).  By maintaining a large chemical arsenal, the United States has relied on a mutually assured destruction (MAD) type policy to keep other nations from employing chemical warfare agents.  As the world moves towards a more stable political environment, there is less threat of large-scale warfare between super powers.  The United States Cold War strategies have left it with a large stockpile of chemical weapons that it now needs to dispose of.


The United Nations classifies chemical weapons as “…chemical substances, whether gaseous, liquid or solid, which might be employed because of their direct toxic effects on man, animals and plants…” (OPCW Homepage 1997).  This is similar to the definition used by NATO which considers a chemical weapon to be, “A chemical substance which is intended for use in military operations to kill, seriously injure or incapacitate people because of its physiological effects” (US Army Surgeon Generals Homepage 1998).  The Major difference between the two is that under the NATO definition herbicides, riot control agents and smoke and flame chemicals are not chemical weapons. A thousand potential toxic compounds exist however there only about 70 different chemicals that have been stockpiled for use as chemical weapons.  Certain criteria are used to determine how suitable a chemical is as a chemical weapon.  The first criterion is that the compound must be toxic, but still be easy to work with.  Another characteristic is that they must be able to be stored for long periods without degrading, or destroying the container.  They must not readily degrade when in contact with atmospheric water or oxygen.  Lastly, they must be able to withstand the high temperatures that may be used to disperse them (OPCW Homepage 1997).


There are other methods for classifying chemical weapons based on their properties.  Chemical warfare agents can either be persistent or volatile.  The persistent substances are usually solids or aerosols and contaminate surfaces, while the volatile substances contaminate the air.  VX, which is a persistent agent, will last up 16 weeks under cool dry conditions (Dunnigan 1993).  Another classification is based on toxicity, and divides chemical weapons into two categories, lethal and incapacitating.  By definition, an incapacitating agent will incapacitate at less than 1/10 of the lethal dose.  A lethal substance, like a nerve agent, will cause incapacitation at 1/100 of the lethal dose (OPCW homepage). 

There are various types of chemical warfare agents such as blister agents and blood agents; the type of chemical weapon most people are probably aware of is the nerve agent.  The United States has stockpiled nerve agent in its chemical inventory the majority being either Methylphosphonothioic acid, S-[2[bis(1-methylethyl) amino]ethyl] O-ethyl ester (VX) and Methylphosphonofluoridic acid, 1-methylethyl ester (GB, Sarin) (Mitretek Homepage 1996).  Most nerve agents, and many pesticides, are organo-phosphorus compounds and they share a common method of action on the human body.

Method of Action

The transmission of chemical signals in the human body that allows muscular action is based on a chemical acetylchlonie and an enzyme acetylcholinesterase.  A chemical signal between neurons is transmitted by an action potential along nerve dendrites until it reaches a synaptic knob.  At this synaptic knob, an influx of calcium serves as a signal for the release of acetylcholine.  The acetycholine then migrates across the synaptic cleft and attaches  to the membrane of a dendrite on another nerve cell and the impulse is transmitted (Hole 1992).  The role of the enzyme acetylcholinesterase is to remove the acetylcholine from the membrane, stopping the transmission.  Nerve agents work by inhibiting the acetylcholinesterase preventing the removal of the acetylcholine.  This results in a build up of acetylcholine, and a constant impulse being sent to the muscles.  The symptoms of nerve agent poisoning range from a runny nose to convulsions to cessation of breathing and death all within minutes (Mitretek Homepage 1996).

Properties


The toxicity of chemicals warfare agents is measured using four parameters, the lethal dose (LD50), the incapacitating dose (ID50), the lethal concentration time (LCt50), and the incapacitating concentration time (ICt50).  The LD50 and the ID50 are defined as the quantity of agent needed to kill or incapacitate 50% of the exposed population respectively.  The LCt50 and the ICt50 are the lengths of exposure needed to kill or incapacitate 50% of the population that are exposed (US Army Surgeon Generals Homepage 1998).


The chemical agent VX is one of the latest chemical warfare agent in the United States Army inventory.  It was developed in the1950’s as a more stable alternative to Sarin, part of the V series of nerve agents.  Similar organo phosphorus compounds were sold as pesticides in the United States from 1952-1953.  These compounds were pulled off the shelves once their extreme toxicity to animals was discovered.  In order to understand VX the  basic physical properties must be known.  VX has a molecular weight of 267.4 g/mole, which makes it less volatile than nerve agents with a lower molecular weight and is therefore more persistent.  It has a density of 1.008 g/cm3, and a solubility of 3% in water.  The boiling point is 300 (C and the melting point is –39 (C.  The vapor pressure of VX is 7 x 10 –4 mm Hg with a volatility of 10 mg/m3 (OPCW Homepage 1996).  The toxicological characteristics for VX are a LD50 of 10 mg for a 70 kg person ( 0.14 mg/kg –1).  The LCt50 for VX is 50 mg(min/m3 (OPCW Homepage 1996).  Under natural conditions, VX will undergo hydrolysis at a rate of about 2% per hour (Szafraniec et al. 1990).  The hydrolysis of VX is catalyzed usually by a hydroxide ion and through a series of steps will eventually degrade to form a compound called EA2192 and Ethoxide.  The EA2192 is also formed at various steps during the degradation and therein lies the danger.  EA2192 is almost as toxic as VX but is degrades about 1,000 times slower (Yang et al. 1993) this makes VX a potential disaster from an environmental perspective if it were accidentally released untreated.  Because hydrolysis is slow and produces EA2192 as a product of the reaction chemical oxidation using either bleach or superchlorinated bleach is more suited for decontaminating VX (Yang et al. 1992)
.

Sarin, a G series nerve agent, is also an organic-phosphorous compound and was first synthesized by a German chemist, Dr. Gerhard Schrader in 1938. Sarin was manufactured by the German army but only about 0.5 tons were produced before Germany’s chemical weapons stockpiles were seized.  The molecular weight of Sarin is 182.2 g/mole making it one of the lower molecular weight nerve agents and therefore more volatile.  Its density is 1.089 g/cm3 and it is not soluble in water.  The boiling point for Sarin is 147 (C and the melting point is -57 (C.  Sarin has a vapor pressure of 2.9 mm Hg and a volatility of 17,000 mg/m3.  The LD50 for Sarin is 1,700 mg for a 70 kg person and its LDCt is 100 mg(min/m3 (OPCW Homepage 1996).  This shows that Sarin is both less persistent (more volatile) and less toxic  (requires a larger dose) than VX.  Sarin will undergo hydrolytic reactions in the presence of water, these can be either acidic, neutral or basic.  The neutral reaction will yield 2-propanol and Methylphosphonic acid as its endproduct.  Rapid hydrolysis of Sarin will take place in basic solutions, with a halflife of about 0.5 min at a pH of 11 (Gustafson and Martell 1962, Yang et al. 1992).

Disposal Past and Present


Although the government has made the decision to dispose of its chemical weapons, the problem remains of how to dispose of them in a manner safe to both the environment and the surrounding populace.  This is not the first time that chemical weapons have been disposed of.  Following World War Two large amounts of chemical munitions that were captured had to be disposed of.  From 1946 to 1947 50,000 to 150,000, tons of chemical munitions were dumped into the Baltic Sea and the Sea of Japan including tabun, phosgene, and mustard gas.  Ocean dumping of United States chemical weapons took place in coastal waters of the United States as well.  Chemical weapons were loaded onto ships at various points, mainly along the East Coast, and taken out to sea and dumped at various locations.  For example in June of 1968, 266 tons of rockets containing VX were loaded at a Navy pier in New Jersey, taken to 39(33’N 71(02’W, and dumped (Mitretek Homepage 1996).  This type of disposal continued until 1969 when it was stopped because of environmental concerns. Another factor was that some states refused to allow transport (CWWG Homepage 1998).  Recent chemical weapons disposal began in 1974 when the Army started incinerating mustard gas and GB (Sarin) nerve agent at the Rocky Mountain Arsenal in Colorado.  The arsenal began to destroy chemical weapons 24 hrs/day on June 18, 1974 using incinerators.   Later that same year incineration operations were stopped when disopropylmethylphosphonate, a waste produced through destroying nerve gas, was found off post in the drinking water (Eagle Watch 1992).  


Currently there are eight chemical weapon stockpiles across the country, and each is proposed to have an incinerator built on site to destroy these stockpiles (CSDP Homepage 1998).  The test pilot for the Army’s incineration project was built on the Johnston Atoll located 825 miles from Hawaii.  The Johnston Atoll houses 6.6% of the U.S. chemical stockpile, and serves as a receiving point for chemical stockpiles from Europe.  The Johnston Atoll Chemical Agent Disposal System (JACADS) is a multistage incineration process that relies on extreme temperature to destroy not only the chemical agent but the metal parts, explosives and packing material.  Liquid agent is destroyed in the Liquid Incinerator (LI) which operates at 2700 (F and can destroy 1100 pounds of chemical/hour.  The exhaust from the LI is burned at 2000 (F to ensure it is decontaminated.  Explosive components like fuel are treated in the Deactivation Furnace, which operates at 1050 (F exhaust gasses are captured and burned again at 2000 (F.  The Metal Parts Furnace is where metal components such as bomb casings and ton containers (Storage containers for chemical agents) are treated.  Metal parts are held in the incinerator for 40 min at over 1400 (F and the exhaust gas treated at 2000 (F.  The final component of the incinerator is the Dunnage Incinerator, which disposes of packing material and other associated waste.  Airflow at the JACADS is designed so that air flows only from less to more toxic areas passing through at least 70 monitors before going through a charcoal filter and being released back to the atmosphere (CSDP Homepage 1998).


Following what the Army judged to be successful tests of the incinerators at the Johnston Atoll, the construction of Tooele Chemical Agent Disposal Facility (TOCDF) in Utah was started in 1989 with testing scheduled for 1994 and closure in 2004.  The Tooele Facility houses 44.5% of the Army’s chemical stockpile including Sarin and VX nerve agents that are stored in artillery shells, rockets, bombs and one ton containers.  The incinerators at the Tooele facility began operations in August of 1996.  Like the Johnston Atoll facility, the Army claims for the most part that the Tooele facility is a success.  As Of 17 April 1997, the Chemical Stockpile Disposal Program claimed that the TOCDF incinerators had destroyed 475,529 pounds of nerve agent and operated 850,000 man-hours without accident. They also claimed the facility was operating in accordance with its permit issued under the Resources Conservation Recovery Act.

Opposition and Alternatives


There is however opposition to the Army’s plan.  In 1990, various citizens group including Greenpeace and the Sierra Club formed the Chemical Weapons Working Group (CWWG) with the specific goal of ending chemical weapons incineration.  The flaws that the CWWG claims with regard to the Army’s incineration program include cost overruns, failure to stay on schedule for weapons destruction and unsafe methodology. A paper published by the CWWG in 1995 (CWWG Homepage, 1998) claims that not only is the Army’s incinerator program nearly 550% over budget at 11 billion dollars, it is also 10 years behind schedule.  In this same paper, the CWWG cites specific failures of equipment at the JACDS facility.  Some of the more serious flaws involve a January 1992 explosion in the Deactivation Furnace, and a March 23, 1994 release of live GB nerve agent into the atmosphere.  Because of these and other violations, the JACDS facility has been fined $122,000 by the EPA for the accidental release and mishandling of hazardous material (CWWG Homepage 1998).


Another potential hazard the CWWG claims is the release of wastes from the incineration process.  Chemical weapons incineration can produce various hazardous byproducts.  Among these are dioxins including 2,3,7,8 Tetrachlorodibenzo-p-Dioxin, which according to the EPA may cause cancer, birth defects and sterility along with other health problems.  Various PCB congeners are also produced which have been linked to cancer and are damaging to higher level consumers (CWWG Homepage 1998).  

There is the very real and serious hazard of the release of untreated chemical agent, even at a low level.  Studies involving GB (Sarin) have demonstrated toxic effects at 1% of the LD50 (CWWG Homepage 1998).  At low levels of exposure the effect of chemical weapons may not be acute, but instead result in chronic health problems.  Researchers at the Medical College of Georgia have experimented using rat models to test the effects of low dose exposure.  They found that repeated exposure to non-lethal doses caused a reduction in the number of acetylcholine receptors in the hippocamus , which is a portion of the brain that is responsible for memory formation.  The effects of this type of degradation in humans are similar to the effects of Alzheimers disease.  This effect can be caused not only by chemical weapons, but by exposure to organo-phosphorus pesticides as well.   this has been demonstrated by military personnel who fought in the Gulf War.  It is thought that low levels of chemical agent may have had a synergistic effect with vaccines given to soldiers in the Gulf.  This may be a contributing factor to the Gulf War Illness that has afflicted more than 8,000 veterans (CWWG Homepage 1998).

  The CWWG asserts that not enough is known about the chemicals emitted as a result of incineration.  Combined with the potential synergistic effects, there is no way to test the potential harm of these emissions to the surrounding populous.  The Tooele facility was built with no studies being done on the possible synergistic effects on its stack emission and emissions from the nearby Magnesium Corporation plant that releases chlorine and hydrochloric acid.  In addition, there was no consideration to the use of pesticides in surrounding areas.  So great are potential synergistic effects that the toxicity of pesticides has been shown to increase 160 to 1600 times in the presence of other pesticides. (CWWG Homepage 1998).  This is critical because some pesticides, like nerve agents, are organic phosphorous compounds.


According to the CWWG, there are alternatives to incinerating chemical weapons.  Listed below are some alternate technologies to incineration, which may be safer.

1. Electrochemical Oxidation is a method that uses an electrochemical cell to oxidize the waste material in solution.
2. Gas-Phase Chemical Reduction is a technology in which hydrogen gas at high temperature (850 (C) is used to chemically reduce both organic and inorganic waste.
3. Neutralization involves mixing chemical agent with other compounds to break it down to a less toxic form.  Bleach for example will oxidize VX (Mitretek Homepage).  This method is planned for disposal sites at Aberdeen, MD and Newport, IN.
4. Biodegradation is a method where either enzymes or bacteria are used to break down chemical weapons.
5. Supercritical Water Oxidation uses supercritical water, which is water under high heat and pressure, to oxidize chemical agents.
6. Plasma Arc is another high temperature process.  Materials are exposed to high energy and consequently molecules dissociate.
7. Solvated Electron Technology combines metallic sodium in liquid anhydrous ammonia, which produces electrons.  These electrons are then able to break the chemical bonds of chemical agents.
8. Humic Acid Hydrolysis reacts the chemical agent with humic acids to give less toxic products.
9. Water Hydrolysis uses water to react with the agent at an appropriate pH using sodium hydroxide.
These technologies listed are viable and have been tested and passed under the Assembled Chemical Weapons Assessment Program which has been started to find alternatives to incineration by 1999.  All of these benefit from being closed loop systems in that there is no release to the atmosphere.  In contrast, open loop systems such as incineration release by-product into the air (CWWG Homepage 1998).  As part of the Assembled Chemical Weapons Assessment the military has been appropriated $40 million dollars to research no less than two alternatives to incineration (ACWA Homepage 1997).

Conclusion


The disposal of chemical weapons, like many environmental problems is very complicated.  The one issue that is not debatable is that of toxicity, these are chemical weapons and were designed to kill quickly and efficiently, therefore any disposal system must destroy completely and 100% of the time.  The Army’s plan to incinerate its chemical arsenal should be discontinued.  The program is not only over budget and behind schedule, the most dangerous of mistakes has been committed, the release of live agent.  There are alternative technologies that are potentially more efficient and safer than the current incineration technology being used.  These alternative technologies should be tested and used to dispose of the chemical weapons in the United States.  Although a large amount of money has been spent on the incinerator project, it should be discontinued to prevent an even more damaging environmental disaster.
