Chemical Warfare- Detection of Chemical Weapons

1.
ABSTRACT

The threat of chemical warfare instills acute fear in both individuals and nations.  Since the first significant use of chemical warfare in World War 1, issues surrounding chemical warfare agents are of great importance to national security and world affairs.  Unlike other weapons of war, the effects of chemical warfare agents are neither predictable nor controllable.  Known as the poor man’s atomic bomb, they are relatively cheap to manufacture and deploy.  Once deployed these weapons can have fatal effect within minutes.  It is therefore necessary to develop detection systems and methods that are inexpensive, portable and which achieve real time detection.
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2.
INTRODUCTION

This paper begins by describing chemical warfare and the agents used.  The detrimental effects of these agents on the environment
 demand continuous experimentation and invention of new detection systems.  The paper presents an overview of some of the existing detection systems, highlighting the specific uses and benefits of each system and where applicable, developments. The underlying law and policy helps the reader to understand the context of these developments.  The paper then sets out some new inventions designed to modify and improve existing systems.  

3.
CHEMICAL WARFARE

3.1
WHAT IS CHEMICAL WARFARE
A current definition of chemical warfare is the "aspects of military operations involving the employment of lethal and incapacitating chemical munitions or agents."(2)
3.2
CHEMICAL WARFARE AGENTS

A United Nations report dated 1969 defines chemical warfare (CW) agents as “... chemical substances, whether gaseous, liquid or solid, which might be employed because of their direct toxic effects on man, animals and plants ...". 

The Chemical Weapons Convention
 defines chemical weapons as including not only toxic chemicals but also ammunition and equipment for their dispersal.  Toxic chemicals are stated to be “... any chemical which, through its chemical effect on living processes, may cause death, temporary loss of performance, or permanent injury to people and animals". 

In order to be considered a CW agent the following must be satisfied:

· The presumptive agent must not only be highly toxic but also "suitably highly toxic" so that it is not too difficult to handle. 

· The substance must be capable of being stored for long periods in containers without degradation and without corroding the packaging material. 

· It must be relatively resistant to atmospheric water and oxygen so that it does not lose effect when dispersed. 

· It must withstand the heat developed when dispersed. 

The first nerve gas was invented by the Germans, it is odorless and colorless and attacks the body muscles, including the involuntary muscles. The gases classified as chemical warfare agents are characterized by poisonous or corrosive nature. These gases can be categorized according to the portal of entry into the body and their physiological effects:

1.
Vesicants or blister gases- these produce blisters on all body surfaces.  Examples include lewsite and mustard gas.  About 10 milligrams of mustard gas in the lungs will kill a person. 

2.
Lacrimators such as tear gas produce severe eye irritation;

3.
Sternutators also called vomiting gases cause nausea;

4.
Nerve Gases inhibit proper nerve function; 

5.
Lung irritants which attack the respiratory tract, causing pulmonary edema. 

Nerve Agents

Nerve agents affect the transmission of nerve impulses within the nervous system.  They belong to the compound group known as organo-phosphorous compounds (OP).  OP compounds are stable, easily dispersed, highly toxic and have rapid effect.  In their pure state they are colorless liquids with varying volatiles.  Nerve agents enter the body through inhalation or through the skin, the port being important for determining the time the agent takes effect.  Since nerve agents are fat-soluble they can penetrate the outer layers of the skin so it takes some time before the poison reaches the blood vessels.  On the other hand when it enters through the respiratory system the effect is rapid since the lungs contain numerous more blood vessels facilitating rapid assimilation and transportation to the key organs.

Nerve agents include physostigmine (reversible) and organophosphorus (irreversible) cholinesterase inhibitors, which disable enzymes responsible for the transmission of nerve impulses. Initial incapacitating effects of organophosphorus agents occur within 1-10 minutes of exposure, and death occurs within 15 minutes for Tabun, Sarin, and Soman and from 4-42 hours for VX. 

Some nerve agents include:

· Tabun (NATO military designation, GA) 

· Sarin (NATO military designation, GB) 

· Soman (NATO military designation, GD) 

· GF (Cyclohexyl methylphosphonofluoridate) 
· VX (Methylphosphonothioic acid S-(2-(bis(1-methylethyl)amino)ethyl) O-ethyl ester) 
· GE (Phosphonofluoridic acid, ethyl-, isopropyl ester) 

· VE (Phosphonothioic acid, ethyl-, S-(2-(diethylamino)ethyl) O-ethyl ester) 

· VG (Amiton) 

· VM (Phosphonothioic acid, methyl-, S-(2-(diethylamino)ethyl) O-ethyl ester) 

Blister/Vesicant Agents

Vesicant agents cause blisters on skin and damage the eyes, mucous membranes, respiratory tract, and internal organs. Through chemical processes, mustard agents destroy different substances within cells of living tissue. Initial effects are somewhat delayed for mustards, occurring 12 to 24 hours after exposure, but are rapid for other agents. Symptoms are variable and acute mortality is low, but death can occur from complications after lung injury.
Some blister agents include:

· Lewisite (L)

· Mustard-Lewisite (HL) 

· Nitrogen mustards (HN-1,HN-2, HN-3) 
· Phosgene oxime (CX) 
· Sulfur mustards (H, HD, HT) 
Blood Agents

Agents are highly volatile, but rapidly acting agents that cause seizures, respiratory failure, and cardiac arrest through interference with absorption of oxygen into the bloodstream.
Some blood agents include:

· Cyanogen chloride (CK) 

· Hydrogen cyanide (AC) 

Pulmonary Agents

Such agents are liquids dispersed in a gaseous form that damage the respiratory tract and cause severe pulmonary edema in about four hours, leading to eventual death. Effects are variable, and can be rapid or delayed depending on the specific agent. 
Some pulmonary agents include:

· Chlorine

· Chloropicrin (PS)

· Diphosgene (DP)

· Phosgene (CG)

3.3
CASE STUDY: SARIN- AN EXAMPLE OF HOW A CHEMICAL WARFARE AGENT WORKS

Sarin is a nerve agent. Once inside your body it affects the signaling mechanism that nerve cells use to communicate with one another.  Sarin is a cholinesterase inhibitor -- it gums up the cholinesterase enzyme which your nerve cells use to clear themselves of acetylcholine. When a nerve cell needs to send a message to another nerve cell (for example, to cause a muscle to contract), it sends the message with the acetylcholine. Without cholinesterase to clear the acetylcholine, muscles start to contract uncontrollably, which eventually causes death by suffocation (since the diaphragm is a muscle). 

Sarin is probably the most feared chemical agent because it has actually been used by terrorists to kill people. In 1995, the group Aum Shinrikyo released sarin gas in the Tokyo subway, wounding thousands and killing 12 people. It is not particularly difficult to manufacture, and about 1 milligram in the lungs will kill a person. 

3.4
COST OF CHEMICAL WEAPONS

Perhaps the most dangerous and worrying feature of chemical weapons is that they are relatively easy and inexpensive to manufacture and deploy.  For this reason they are called "the poor man's atomic bomb.”  One group of experts has estimated the cost of killing people using chemical weapons would be about $600 per square kilometer, compared with $2,000 per square kilometer using conventional weapons. Chemical weapons could be dispersed from a crop dusting plane, from aerosols, or by distributing the chemical in water supplies.  Sarin, in particular, poses a large threat because it is fairly easy to manufacture. A thimble-sized portion of sarin can kill a person in minutes; a few particles can produce death in 24 hours.  

3.5
USE OF CHEMICAL WARFARE

Chemical warfare was first used effectively in World War I, when the Germans released chlorine gas against the Allies.  Later in the War they used mustard gas.  Soon both sides were using chemical warfare extensively leading to the introduction of gas masks.  The fear of the detrimental effects of chemical warfare caused many countries to abstain from using it and except for the use of poison gas by the Italians in the war against Ethiopia (1935-36) and by the Japanese against Chinese guerrillas (1937-42), chemical warfare was not employed after World War I.  This is not to say however, that the military powers of the world did not continue to develop new gases. 

It is well known that chemical warfare was used in the Iran-Iraq War.  In fact, Iraq has used poison gas on its own civilians, in particular the Kurds.  In the Persian Gulf War, the UN troops were equipped with antidotes for nerve gas, protective clothing, and gas masks in case Iraq used poison gas.  Then there was the release of sarin in a Tokyo subway station in 1995.
 
3.6
CONTROL OF CHEMICAL WARFARE AGENTS

In recognition of the unbridled and disastrous effects of chemical warfare the international community has negotiated a number of treaties aimed at prohibiting the use of chemical weapons.  The first significant attempt was as early as 1925 with the signing of the Geneva Protocol for the Prohibition of the Use in War of Asphyxiating, Poisonous or Other Gases, and of Bacteriological Methods of Warfare.  The treaty which went into force in 1928 merely condemned the use of chemical weapons but did not ban the development and stockpiling of chemical weapons.   Many States signed the Geneva Protocol, but expressed the reservation that they should maintain the right to retaliate in kind with chemical weapons, should they or any of their allies be attacked in such a method.  Many signatory States also reserved the right to use chemical weapons against non-signatories to the protocol.

In 1990, the United States and the Soviet Union agreed to cut their arsenals by 80% in an effort to create a climate of change that would discourage smaller nations from stockpiling and using such lethal weapons.  The most recent and significant treaty is the United Nations Chemical Weapons Convention
 (CWC) signed in 1993.  This treaty bans the production, stockpiling
 and use of chemical weapons and calls for the establishment of an independent organization to verify compliance.  As of 12th February 2001 174 states had signed or acceded to the treaty and 143 of them had deposited their ratification.

4.
DETECTION

4.1
DETECTION OF CHEMICAL WARFARE AGENTS

The Organization for the Prohibition of Chemical Weapons (OPCW) implemented at the Geneva Convention in 1992 organises exercises such as Round Robin Tests to verify the presence of Chemical Weapon Agents.  The next step is to develop and test existing and new procedures or methods to further the implementation of the chemical weapons convention..

Sarin and Soman are listed in Schedule 1 of the United Nations Chemical Weapons Convention 
 which means that they are chemicals that are deemed to pose a high risk to the purposes of the CWC, but have very limited, if any, commercial applications.  Methylphosphponic acid (MPA) is formed by hydrolsis of these nerve agents.  Since MPA is a more stable product than the nerve agents it is more useful for detection purposes.  It indicates the prior presence of Sarin or Soman.  The challenge is that  MPA does not lend itself easily to direct analysis since it is also highly polar and involatile.  Present methods for detection of methylphosphonic acids are gas chromatography(GC), liquid chromatography (LC) and capillary electrophoresis (CE).  Using these methods means that the acid must first be derived via sample preparation and analysis.  This is very time consuming.

What is needed is a simple portable and inexpensive immunoassay kit which would be valuable to monitor various treaty compliances and during military operations.  One method developed is the ELISA procedure which unlike other methods requires only a minimum of sample preparation. (1)
4.2
DETECTION SYSTEMS

· Electrospray Mass Spectrometry

Electrospray mass spectrometry (ES-MS) has been evaluated to determine whether it provides a time-efficient method of detection and analysis of chemical warfare degradation products.  It was considered a suitable candidate because it has been shown to be ideal to the analysis of polar non volatile compounds in aqueous matrixes.(3)  These tests revealed that use of ES-MS to analyze degradation products of chemical warfare agents extracted from soil samples.

· AIRIS

The Adaptive InfraRed Imaging Spectroradiometer (AIRIS) can be used to get wide spectral coverage at a spectral resolution consistent with the detection of molecular absorption or emission band.  AIRIS systems are developed by Physical Science Inc. (PSI) under internal corporate research and development as well as U.S. Army BMDO and Air Force Sponsorship.  

The existing AIRIS systems can detect vehicle plume emissions and camouflaged targets in cluttered environments as well as the observation and quantification of absorption or emission from specific airborne hazardous chemicals.  A LWIR AIRIS system is being developed for remote standoff detection of chemical vapor plumes.  This can be used in battlefield detection of chemical warfare agent plumes, fugitive emissions monitoring of chemical production facilities and hazardous wastes sites.

The scientific basis of PSI’s AIRIS systems is based on a low order Fabry-Perot interferometer.  The benefits of this low order system are wide free spectral range combined with narrow spectral bandwidth, flexible and adaptive sampling and processing of the image to isolate spectral features or signatures, high spatial resolutions and radiance sensitivity.  The PSI system is particularly useful because it combines all of this into a compact instrument.

· Millimeter Wave Technology 

Unlike existing FTIR remote sensing, millimeter wave technology is highly specific and so allows detection of chemical warfare agents in complex mixtures such as water vapor and smoke.  The emphasis is on technologies with highly sensitive detection and discrimination capabilities with low false alarm rates.


The scientific base is the remote sensing of hazardous wastes based on their millimeter wave rotational signature since rotational spectra are very specific to molecular structures.  The technique is called the ‘Fourier Transform Microwave (FTMW) spectroscopic and it has been proven to have some advantages in detection of chemical warfare agents.(17)
· Chemical Agent Monitors


Chemical Agent Monitors (CAMS) are a well known detection system.  It’s characteristic feature is its portability.  As stressed throughout this paper, portability is an overriding issue in chemical detection systems.  The CAM has been used by military operations in several countries throughout the world.  The CAM draws samples in continuously .  It uses very little power and can detect atmospheric contaminants.  

· The use of electrokinetic injection in Capillary Electrophoresis

Capillary Electrophoresis (CE) is a method of separating compounds within complex matrixes.  It was introduced by Jorgenson.
  The CE method is recognized as a ‘ a powerful separation technique’ which can be used successfully with small samples.  By employing a buffer system that is highly stable and inexpensive, the CE method reverses the electroosmotic flow and provides excellent separation efficiencies within a three minute run.

CE uses compact lightweight equipment smaller samples and reduced wastes.  It is therefore well suited for use in mobile laboratory are the first line of detection and analysis in emergency situations such as a chemical warfare attack.  The problem is that the separational efficiency of the CE method requires a high standard of efficiency from the other processes used in analyzing samples such as the injection.  Since samples can only be injected in limited volumes there is a problem of low concentration sensitivity.  


Electrokinetic injection  is proposed as a viable injection method (13) because it does not require extra equipment nor add to analysis time.  It therefore does not decrease the efficiency and mobility of the CE method and so complements the beneficial usage of CE. When compared with pressure injection, electrokinetic injection analysis offers increased analysis sensitivity with very minimal sample, preparation steps.  It’s simplicity, inexpensiveness mean it is suitable for use with the CE method in mobile detection units.  

· Surface Acoustic Wave (SAW) Chemical Sensor Systems 

SAW chemical sensors systems have been developed since 1981 and are conceptually similar to the bulk acoustic wave sensor reported in 1964 by King
 .  SAW detects and identifies chemical agents and other toxic gases or vapors.  A SAW chemical sensor is a functionalized polymer, a Saw device is coated with a chemoselective material.  This coating is gas specific and causes the gas to concentrate on the surface of the SAW device.  When the device is in operation, a wave passes across its surface, the sorption of the gas molecules causes the velocity of the SAW to be perturbed.  The monitoring of this surface acoustic wave leads to ready detection of gases.  

The Naval Research Laboratory has developed a “NRL-SAWRHINO” system which is an application of the Saw system designed specifically for vehicular mounted field applications.  It is described as “an automated chemical agent detector and alarm, designed for autonomous operation with rapid and reversible responses from low to high concentrations of G-nerve and H-mustard agents.”(11) 

The NRL SAWRHINO also called a ‘nose for toxic gases’ is comprised of a temperature controlled 3-Saw array with an automated dual gas sampling system which has two pneumatic pathways.  This means that the device has both immediate detection capability and periodic detection capability.  Periodic detection capability is achieved by the use of a trap and purge gas-solid chromatographic column.  As the name suggests this traps gases which are then sent to the SAW sensors for detection.  

The coating used in the device is specific to a number of nerve and blister agents and can discriminate against a wide range of interferent vapors and gases.  Tests of the device commend it with a robust operational performance
 evidenced by 100% accurate identification of agents with no false alarms. Note that while experimentation and sampling was done using a 3-Saw array, research at the Naval Research Laboratory indicates that real time detection is better achieved by using a 5-SAW array.

5.
INVENTIONS

(i)
Alarm system for Hand Held Chemical Monitor, Patent No: US 6191696(20)
This invention is an alarm system designed for use with chemical agent monitors.
  Chemical agent monitors are hand held soldier operated devices, post attack devices for monitoring chemical agent contamination on people and equipment.  The alarm system will connect to these monitors so it is important that they complement their present structure and operation.  The inventor aims at providing an alarm system with low power consumption that permits soldiers to easily and quickly detach parts while wearing protective gear.

The major components are pins, twist lock mechanical connectors, circuit board, a power source, ceramic disk, voicemitter and a housing.  When the CAM/ICAM senses the presence of a chemical agent it emits a electric signal to the indicator which emits an audible alarm.  This warns of the presence of chemical contamination in an environment.

The invention does not take electricity from the CAM/ICAM until it is in alarm and the total power consumption is 6 volts or less.  

(ii)
Analytical Methodology for qualitative and quantitative determination of chemical agent vapor, Patent No US 6174732 (14)

The claim is for a method of generating and sampling chemical agent vapor by placing the liquid chemical agent in a reservoir purging the chemical agent using dry air and analyzing the air stream exiting the reservoir.  The invention is directed to determining VX vapor
 under various humidity conditions.  Since VX is extremely toxic its detection is best accomplished at lowest possible concentrations.  When testing chemical detectors using VX vapor it is important to minimize the presence of impurities.  Impurities of about 5% can affect detector testing.  The challenge is that impurities may become the major constituent in a vapor mixture when it is vaporized.  Existing methods used to quantify a VX sample
 lack the ability to separate or distinguish the relationship between the impurities and VX.  It is therefore desirable to develop an improved methodology for sampling VX.

The invention is a method which starts with placing the liquid agent in a reservoir, the temperature of which is maintained in order to allow vaporization of the contaminants in the chemical agent.  The contaminant is then purged with dry air.  The dry air is then removed which removes the contaminant leaving the retained chemical agent.  Conditioned air is then passed over the retained chemical agent and carries the agent vapors to a sample port where the mixture of conditioned air and chemical agent vapors is analyzed.  Unlike existing methods it allows the analysis of VX vapor under various humidities.

(iii)
Broad Spectrum bio-detection of nerve agents, organophosphates and other chemical warfare agents, Patent No WO 2000045149

The principal thrust of this invention is to provide a method of real time or near real time detection of nerve agents.  As discussed above nerve agents take rapid effect particularly when the route is via the lungs, therefore it is vital that detection equipment can produce results as soon as possible.  The invention recognizes that existing methods of detection are slow or too bulky which impedes their use where it is needed, on the front line.  

It seeks to provide a method and apparatus that 

· provides rapid detection of nerve agents in air and water

·  while being portable and inexpensive enough to be issued to each individual

· be a broad band detector which is responsive to a wide variety of OP compounds

The invention rests on the scientific observation that protein complexes can be used with colorimetric compounds to detect the presence of very low concentrations of chemical warfare agents.  The instant invention applies this observation to obtain real time detection of chemical warfare agents.  The electron distribution in a colorimetric compound is altered by its immediate environment.  Therefore an indicator to detect hazardous substances may be created by monitoring specific lights wavelengths in the spectrum of a specific colorimetric compound.  


Optical changes in the colorimetric indicator are made using preferably both absorbance and fluorescence in the visible region.  However the invention uses difference spectra which allows very small wavelength shifts and minute absorbance changes to be identified.  This means that over 7700 different analytes can be identified and their concentration levels can be quantified to very small ranges.


The second part of the invention is an apparatus which monitors the transforming optical spectrum of a specific colorimetric compound.  It uses real time measurement of the changes in the spectral substrate to indicate the presence of organophospahates.  The major components of the apparatus are a light source, a colorimetrically responsive surface and an optical sensitive detector directed toward the illuminated surface.  The light source an detector operate continuously in order to achieve immediate identification of changes in the absorptive properties of the detection surface.  The apparatus may be as small as a badge so it can be worn continuously by individuals and incorporate some sort of warning element.
  Additionally the light source and detector may be maintained separately from the detection surface so that identification tests are conducted at at central location.  The invention aims at detection in both aqueous and air samples.  

(iv).
Passive Remote Sensor of Chemicals, Patent No WO 200055602 (10)
The invention is a passive remote device and method using differential absorption radiometer (DAR) or notch filter correlation radiometer (NFCR) technology to detect chemical weapons.  Such a device was deemed necessary because of a number of factors.  The first is the spread of chemical warfare technology around the world.  There is also the concern about the effects of industrial and vehicular emissions and environmental pollution from pesticides.  

Existing systems such as the Chemical Agent Monitor and the Enhanced CAM, both manufactured by the same company, operate on the principle of ion mobility.  The limitation of these systems is that they need continuous sampling at the point of measurement and therefore can only detect a gas if the sensor is immersed in it.  The SAW system discussed above is criticized as lacking specificity and the ability to determine the specific identity of a gas.

The invention addresses these deficiencies and the shortcomings of other conventional remote chemical detection techniques.  The major components are a first optical path, a second optical path, light collecting optics and a sample filter assembly.  The sensor mal also include a reference filter assembly which will be positioned in the path of the second optical path after the light collecting optics. 

The invention also includes a method of determining the presence, concentration and optical density of a target species.  This is accomplished by directing the light that has been absorbed from a target species along the two optical paths.  A detector output comparison device is then used to compare the sample signal to the reference signal.  This produces a signal which indicates the absorption or emission of the light by the target species.

6.
CONCLUSION

The detection of chemical warfare agents is constantly being developed.  The challenge to the scientific community is to invent methods and devices that are compact, portable and capable of real time detection.  All of the devices and methods presented above attempt to meet this challenge.  Only some actually achieve it.  This area of science is a live one and is interesting to follow, particularly in light of the current threats of global terrorism in the world. 
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� 	Environment means ‘all external conditions and factors, living and nonliving that affect an organism or other specified system during its lifetime.’ Source: Miller Jr. G Tyler, Living in the Environment, Wadsworth Group. Brooks/Cole, 2002.


� 	Conference on Disarmament, The Convention on the Prohibition of the Development, Production, Stockpiling and Use of Chemical Weapons and on their Destruction, United Nations Document CD/1170 Geneva August 1992.





� 	supra


� 	Conference on Disarmament, The Convention on the Prohibition of the Development, Production, Stockpiling and Use of Chemical Weapons and on their Destruction, United Nations Document CD/1170 Geneva August 1992.


� 	By the year 2007 


� 	Conference on Disarmament, The Convention on the Prohibition of the Development, Production, Stockpiling and Use of Chemical Weapons and on their Destruction, United Nations Document CD/1170 Geneva August 1992.


� 	See Jorgenson, J.W.; Lukacs, K. D. Anal Chem. 1981, 53, 1298-1302.


� 	King W.H. Anal. Chem. 36 (1964) 1735-1739





� 	Preferably adaptable to the Chemical Agent Monitor (CAM), Improved Chemical Agent Monitor (CAM) and/or other similar chemical monitoring devices.


� 	O-ethyl S-(2-diisopropylanimoethyl), methylphosphonothiolate


� 	The Shoenemann reaction, The Minituarized Continous Air Monitoring System (MINICAMS)


� 	See Patent No 1 supra





PAGE  
7

