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Preface


This short manuscript is intended to give a more in-depth coverage of nuclear, biological and chemical (NBC) warfare than is usually available through standard Air Force NBC briefings, which are aimed at the medically naive. I believe supplemental material is needed, because medical personnel will be called upon to treat any injuries that may result from the use of these weapons. More importantly, they will probably be asked for advice from commanders should such weapons ever be used. Indeed, it is medical personnel that may first suspect that such agents as nerve gas or biological weapons have been utilized by an enemy. Therefore, I have compiled this introduction to NBC warfare, and included a series of case reports that illustrate the type of injuries that may occur, along with some of the specific treatments. I have included a reference list that may prove useful to those of you who desire to know more about these weapons. This manuscript largely follows the oral presentation I have prepared on the same subject. You may review the videotape or view the Kodachrome slides, both available from Nursing Services, 442 Medical Squadron.


Although the threshold to use of NBC weapons has not been crossed by the major world powers since 1945 (with obvious exceptions occurring in both WWI and WWII), rogue nations and terrorist groups are probably not so squeamish. Indeed, chemical weapons were apparently used quite frequently in the Iran-Iraq conflict in the mid-to-late 80s. Fortunately, they were not in widespread use during the Persian Gulf War, but they have emerged as a potent terrorist threat since the Sarin incident in the Tokyo subways on Mar 20, 1995. 


We must continually remind ourselves that radioactive chemicals travel our highways every day, in addition to agricultural pesticides, most of which are organophosphates, similar to military nerve agents. The Chernobyl accident in the former USSR also makes us think that we are not very far away from Wolf Creek, although it is hopefully managed and constructed far better than its Russian counterparts. Since we are in the Air Force, remember that we are never far away from a "broken arrow", or accident with a nuclear weapon, and that we may be called upon to respond to radiologic contamination resulting from such an accident. 

Disclaimer: The opinions expressed in this document are solely those of the author, they are not necessarily those of the United States Air Force or the Department of Defense. To think otherwise would be extremely foolish, which is punishable by fine and/or imprisonment, and could cause others to laugh uncontrollably at your stupidity.

Nuclear Weapons

Introduction. Most of the nuclear weapons in the world’s inventory have considerable blast (explosive) effect. These blast effects will not be considered here, since they are an exaggerated form of the kinds of trauma many of us see every day. Heat is also a component of nuclear explosions, which is also an exaggerated form of what we are used to seeing. The treatment for trauma and burns is identical to our normal experience, although mortality would probably be much higher than normal due to over-saturation of the medical system by such an extraordinary event. We will concentrate on the effects that are peculiar to nuclear weapons - radiation. 


As a means of quantifying the problem, I will state categorically that we can never be medically ready for a nuclear war. The Hiroshima bomb killed 90% of the physicians and nurses in that city within a matter of seconds, and destroyed most of the hospitals. To think that the remaining 10% of medical personnel in Hiroshima could even begin to cope with the resultant casualties is unimaginable and completely preposterous. 


However, a terrorist attack with a nuclear weapon is possible in these dangerous times, and would likely be accomplished with a very crude bomb. That is, a terrorist bomb would likely be of the “gun” variety, similar to the Little Boy weapon used on Hiroshima in 1945. Along with the blast and heat effects, it would surely emit large amounts of radiation, unlike modern weapons, which are relatively "clean" vis a vis radiation emissions. Ironically, the radiation emission of a weapon of the Little Boy type, where two sub-critical masses of enriched uranium are forced together in a “gun barrel” by an explosion to form a critical mass, is not reliably known. Despite being the first nuclear weapon ever used in combat, it was never tested experimentally, and was the only one of its type ever constructed. Little Boy was crude in other ways, in that it did not have much explosive power in modern terms. Yield was probably around 12 kilotons of TNT, whereas modern hydrogen weapons have yields expressed in megatons of TNT (The largest hydrogen warhead ever constructed approaches 100 megatons, which would be 10,000 times more powerful than the Hiroshima bomb that killed 50% of the population of a city of 400,000). Should such a terrorist attack happen somewhere in the world, a global medical and humanitarian response would be required.

Definitions - Types of radiation

Particles


•
Neutron radiation- uncharged particles that do not ionize tissue directly, emitted in the first few seconds of a nuclear detonation. Neutrons may be “captured” by atomic nuclei, and the resultant particles can cause ionization. Neutron emission constitutes about 5-20% of the total energy of a nuclear weapon. So-called “enhanced radiation” weapons have much higher yields of neutrons, and are designed to kill people rather than destroy property through blast effects. These weapons are difficult to manufacture and although they have been tested are not in the current inventory of the United States or Russia.


•
Alpha radiation- a release of 2 protons and 2 neutrons from a fissioning nucleus. Alpha particles are strongly ionizing, but paper will stop most alpha particles. They travel only a few micrometers in tissue. However, if consumed internally, alphas could present serious problems.


•
Beta radiation- emission of electrons. They possess a negative charge that ionizes matter that they interact with. May travel several meters in air, several cm in tissue, but  only mm through aluminum.

Rays

•
X-rays - a short wavelength, high energy form of electromagnetic radiation. For all practical purposes, can be considered one and the same as a gamma ray. X-rays are an ionizing form of radiation.


•
Gamma radiation- a short wavelength, high energy form of electromagnetic radiation. They are also ionizing rays.


•
Infrared radiation- a long wavelength form of electromagnetic radiation, familiar to us as heat. It is non-ionizing.

Ionization


•
The production of charged molecular species (ions) by the interaction of radiation with matter.

Definitions - Measurement of radiation


•
R- Roentgen - that quantity of X or g rays which give rise to 2.09 x 109 ion pairs/ cm3 of air. It is not applicable to particulate radiation.


•
RAD - radiation absorbed dose - a method of estimating radiation effects absorbed by substances other than just air. 1 RAD is 100 ergs of energy absorbed per gram of any substance.


•
Gy- Gray - the new international unit replacing the RAD. (1 Gy = 100 RAD)


•
REM - RAD equivalent (Man) - a unit which multiplies the number of RAD times a quality factor (Q) to approximate absorption of energy by tissue. For humans, Q is assumed to be 1 for X and gamma rays, so 1 REM = 1 RAD. The Q for neutrons and alpha particles is 10.


•
Si - Sievert - the new international unit replacing the REM. A Si is joules of energy absorbed per kilogram. (100 REM = 1 Si, 1 Gy = 1 Si)

Exposure guide during wartime conditions:


•
25 REM/day - not to worry


•
100-200 REM/day - Only in extreme emergencies


•
150-200 REM/week - Only in extreme emergencies


•
300 REM/month - should be considered a lifetime limit

· Radioactive Fallout

Fallout occurs only after ground bursts. Coarse particles caught in the explosion will “fallout” near the site of the blast. These are heavily contaminated with fission products and constitute local fallout. Smaller debris carried into the stratosphere by the heat of the explosion may not return to earth for years. The radio nuclides that are of greatest concern from fallout are: Strontium-90, Cesium-137, Carbon-14, Strontium-89, and Iodine-131.

•
Strontium radio nuclides

Both Strontium-90 (half-life 28 years) and Strontium-89 ( half-life  51 days) are produced in large amounts in nuclear fallout. Strontium-90 is the major hazard because of its incorporation into bone and its long half-life. Consumption of dairy products and surface contamination of fruits and vegetables is the major route of contamination.

•
Iodine-131

I-131 produces the greatest internal exposure in the weeks following a nuclear explosion and fallout. It is deposited on the surface of vegetation, which is then eaten by meat animals, where it is secreted in the milk. When ingested by humans, it concentrates in the thyroid gland (it is often used to destroy thyroid tissue therapeutically). The half-life is only 8 days, and is therefore a threat only in “local” fallout. Iodine-131 injected into the stratosphere will decay harmlessly before it falls to earth. Potassium iodide is recommended by many of the "Y2K Preparedness" firms on the Internet these days. Medically, they are on the right track, but thyroid cancer is the least of your worries if somebody detonates a nuclear weapon in Kansas City!

•
Cesium-137

Cesium-137 has a long half-life of 30 years. Cesium localizes in soft tissue and can represent a genetic hazard from gonadal exposure. It is gradually eliminated from the body over several months, so is not as great a risk as the Strontium nuclides. Cesium is used as a source for modern radiotherapy equipment.

•
Carbon-14

Carbon-14 is formed by neutron activation of stable Carbon-12 following a nuclear explosion. It is familiar to most people as an isotope used in radiocarbon dating. It is useful for dating ancient objects because every living plant or animal contains carbon, and it has a half-life of 5800 years. This long half-life also makes it a dangerous component of nuclear fallout.

Acute radiation syndromes in humans


Based upon work done at Hiroshima and Nagasaki, plus experimental and therapeutic experience with radiation, the following syndromes of acute radiation sickness have been defined (total body irradiation - we often expose parts of a patient’s body to doses approaching 5000 RAD):


•
Molecular death (>100,000 RAD)


•
Central nervous system syndrome (>2000 RAD)


•
Gastrointestinal syndrome (500-2000 RAD)


•
Hematopoetic syndrome (50-500 RAD)


•
Late effects (<50 RAD)


Only the hematopoetic syndrome can be effectively treated. Treatment consists of supportive care, plus early HLA typing for possible bone marrow transplantation. If the patient’s cells are not HLA typed right away, the radiation may eliminate all white cells from circulation and it will be difficult to get the typing performed. Even with transplant, survival is poor for those experiencing doses approximating 500 RAD. For example, at Chernobyl in April 1986:


•
31 deaths occurred from radiation sickness, which equals the total number of accidental radiation deaths occurring in the world in the previous 42 years.


•
29 persons were estimated to have received 6 Gy (600 RAD) or more.


•
13 persons in this group received allogeneic BMT. Only 2 survived the transplantation, but both eventually rejected the graft and died.


•
8 persons in this group received experimental fetal liver cell transplants (stem cells). All persons in this group died.


As you can see, bone marrow transplant did not seem to provide much help in this civilian accident. These patients were all in the low range for the gastrointestinal syndrome. People with lower doses (in the low ranges of the hematopoetic syndrome) often recover without treatment. The long-term effects of radiation exposure are still largely unknown, but cancer of blood components (leukemia/lymphoma), breast cancer, and sarcomas of soft tissues are known to be increased in Japanese survivors of the atomic bombings. The cause is thought to be due to mutations in DNA, that eventually result in neoplasia.

Case History - Radiation Poisoning (1)


An example of a radiation accident is presented here in detail to illustrate the circumstances that may lead to an accident, the radiation injuries caused, and the clinical course of radiation sickness. The Los Alamos accident described below was a criticality accident and resulted in one fatality. The victim was exposed to one of the largest doses ever reported for any accident. He died of direct damage to his heart, although he must have also suffered from a severe gastro-intestinal syndrome. Death followed within less than 2 days after the accident. With the high supra-lethal dose involved, nothing could be done to save his life. This accident, like many others, was thoroughly studied by experts; their studies have been a significant contribution to the knowledge of human radiation injury. The following are the details of the 1958 Los Alamos accident:


On the 30th of December 1958, an accident occurred at the Los Alamos Scientific Laboratory which was of particular interest because of the extremely high dose of radiation delivered to the principal victim. The accident occurred in a complex of buildings known as DP West, situated some thousands of feet from any housing areas or from any other concentration of work. DP West is primarily concerned with the chemical and metallurgical processing of plutonium. The procedure being carried out when the accident occurred was the recovery of plutonium from liquid wastes, a lengthy process involving many steps. Not more than a few hundred grams of plutonium were normally processed at any one time. At the time of the accident, the operation was nearing the final step, with plutonium in a tank containing water and a solvent, tributyl phosphate. The solvent and aqueous phases were in separate layers but were to be mixed by stirring.


This was an extremely complicated accident resulting from the fortuitous conjunction of several quite unrelated factors. In the first place, the process was not the normal routine one that had been carried out many times over a three-year period; it was the end-of-the-year cleanup in preparation for the annual inventory of plutonium. It is difficult to imagine that the simple action of a stirring device in a tank could draw a sub-critical configuration of fissionable material into a truly critical geometry. The system had been in operation for a number of years and many batches of plutonium had been processed. With each batch a little more went in than came out, and it was assumed that the deficit was irrecoverable loss which had gone down the drain. What was not realized was that over the years the system had actually retained, bit by bit, a total of almost 3.0 kg of plutonium.


The chemical operator K was a man of no great technical education but with many years of practical experience in this and related operations. He was repeating a process he had carried out many times before. It is possible that over the years he had introduced a few short-cuts in the process without the knowledge of his supervisors. On the afternoon of the accident, K was standing on a short stepladder, looking through a viewing port into the tank (where the plutonium was). Within seconds after the stirrer was started there was a muffled boom and K fell backwards off the stepladder. The blades of the stirrer drew material down in the center and forced it up the outer sides of the tank, and for an unfortunate instant the geometry in the solvent layer brought the material together in a critical configuration.

 
There was only a single critical excursion, without subsequent oscillations, such as the one that later occurred at Oak Ridge National Laboratory. Later calculations showed that there had been a burst of 1.5 x 1017 fissions. Fortunately, K was the only man in the room, but there were two men in the adjacent room. There were a great number of tanks of various sizes which fortunately shielded the other two men, D and R. Both these men heard the boom of the critical excursion. In a matter of seconds D had left his work station to see what had happened in the next room. By the time he got there, K had already picked himself up off the floor and had gone to and opened the outside doors. When D reached him, K was standing outside in the snow. D found K ataxic and disoriented. He needed support to remain erect, and all he could say was: "I'm burning up, "I'm burning up". K's face appeared flushed even at this early time. Thinking that K had been the victim of alpha contamination, D guided and supported K back into the room, where they were met by R, and the three continued on to an emergency shower. D and R stripped off his outer clothes and held him under the shower, because he could not stand unaided. Perhaps 5 minutes after the accident, he was virtually unconscious. While R called for assistance, D returned to the room of the accident. He certainly passed within a few feet of the tank at least two or more times.


The plant nurse arrived on the scene approximately 10 minutes after the accident and was puzzled to find a patient obviously in shock and unconscious, but with nice, rosy-pink cheeks; she did not realize that his color was due to radiation-induced erythema. The patient was nearly pulseless. The man was admitted to the emergency room of the Los Alamos Medical Center 25 minutes after the accident.


The patient was a powerfully-built man of 38; he weighed approximately 170 lb. and was 71 inches tall. By the time he arrived at the hospital he was semiconscious, but disoriented. He was moving around restlessly on the stretcher and all visible skin areas were of a dusky purplish color. He seemed to be in severe pain, apparently abdominal. His conjunctivae were markedly reddened, but his excessive restlessness made careful examination difficult. He retched frequently but vomited only small amounts of watery fluid. About 10 minutes after admission he had an episode of explosive watery diarrhea. Some of this fecal fluid was radio-assayed and showed a significant content of 24Na, indicating a copious passage of fluids into the gastrointestinal tract.


His blood pressure was found to be 80/40 mm Hg with a pulse rate of 160 per minute. He had repeated mild shaking chills, and his restlessness was so great that he had to be restrained An indication that the dose had been massive was the fact that a portable gamma survey instrument held to the surface of the body gave a reading of 15 mRem/hour.


The patient was placed in an oxygen tent. His hypotension and his rapid pulse still persisted and his rectal temperature was found to be 103 oF. Physical examination did not reveal impressive findings. His optic fundi were normal, but the conjunctivae were intensely injected. His eyes looked as though they should have been painful, but the patient denied any discomfort. There was definite erythema over the anterior surface of the body down to the level of the knees.


About 5 hours after the accident the patient appeared to be in a satisfactory condition. He was rational, comfortable, and emotionally at ease. By this time it was also apparent from the dosimetric studies that his radiation exposure had unquestionably been supra-lethal and of greater magnitude than in any of the cases previously reported. The total white cell counts reflected this very definitely. The total white cell count rose steadily to a peak of 28,000 mm3, but the lymphocytes had virtually disappeared from the circulating blood in less than 6 hours. This we regarded as a very grave prognostic sign.


A very dramatic finding was the marked degree of urinary retention. There was a total urinary output of less than 600 ml with a total fluid intake of approximately 14 liters!


On the second evening, more than 30 hours after the accident, the patient's condition deteriorated rather abruptly. He developed increasing abdominal cramps and fairly heavy sedation failed to control his restlessness. Despite administration of oxygen by mask he showed increasing cyanosis. Sedation was given and he lapsed into a coma from which he never roused. Death supervened from cardiac arrest 34 3/4 hours after the accident, his heart having been the target of nearly 12,000 RAD of ionizing radiation.


The neutron dose was determined by measurement of induced 24Na activity in the blood, in selected body tissues, and in the whole body, as well as from induced activity in other materials such as brass overall buttons and nearby chemicals. It now appears that the combined neutron and gamma dose delivered to K's anterior chest wall, and thus to the right side of the heart and the anterior wall of the stomach, was approximately 12,000 RAD. The total dose to the face and to the front of the skull was less, but still in excess of 10,000 RAD. The dose to the lower legs was probably less that 1,000 RAD.


At autopsy the most striking finding was the edematous, water-logged appearance of practically all tissues except the lungs. The general picture was quite characteristic of acute right heart failure resulting from right-sided myocarditis, complicated by excessive fluid intake. The first loop of the jejunum, the gastric pyloric bulb and the surface of the left lobe of the liver contained numerous petechial hemorrhages. The spleen was wrinkled and flabby. The right side of the heart was dilated and filled with blood, while the left heart was in systole. Externally the right auricle and the anterior portion of the right atrium also showed hemorrhages similar to those in the pericardium.


This man had received more than enough radiation to this bone marrow to kill him in 3 or 4 weeks, if he had no other injuries. The injury to his gastrointestinal tract would have killed him in 1 or 2 weeks had not a more vital insult killed him first. In our case the man received at the same time another and quite distinct injury to his heart, which, physiologically, was quite overwhelming. It seems clear that the injury to the heart muscle in this case must be regarded as the primary cause of death.
Chemical Weapons


Introduction. This brief history of chemical warfare is excerpted from chapter 4 of "The Making of the Atomic Bomb", by Richard Rhodes (2).


A heavy German artillery bombardment preceded the second battle of Ypres that began on April 22, 1915. Ypres was (or had been: it hardly existed anymore) a modest market town in southeastern Belgium about eight miles north of the French border and less than thirty miles inland from the French port of Dunkirk. Around Ypres spread shell-cratered, soggy, down land dominated by unpromising low hills - the highest of them, Hill 60 on the military maps, volcanically contested, only 180 feet of elevation. A line of Allied and, parallel northeastward, of German trenches curved through the area, emplaced since the previous November.


Before then, the German attacking and the British defending, the two armies had run a race to the sea. The Germans had hoped to win the race to turn the flank of the Allies. Not yet fully mobilized for war, they even threw in Ersatz Corps of ill-trained high school and university students to bolster their numbers and took 135,000 casualties in what the German people came to call the Kindermord, the murder of the children. But at the price of 50,000 lives, the British held the narrow flank. The war that was supposed to be surgically brief - a quick march through Belgium, France's capitulation, home by Christmas - turned to a stagnant war of opposing trenches, in the Ypres salient as everywhere along the battle line from the Channel to the Alps.


The April 22 bombardment, the beginning of a concerted German attempt at breakthrough, had driven the Canadians and French Africans holding the line at Ypres deep into their trenches.  At sunset the bombardment lifted. German troops moved back from the front line along perpendicular communication trenches, leaving behind only newly trained Pioniere - combat engineers. A German rocket signal went up. The Pioniere set to work opening valves. A greenish-yellow cloud hissed from nozzles and drifted on the wind across no-man's land. It blanketed the ground, flowed into craters, over the rotting bodies of the dead, through wide brambles of barbed wire, drifted then across the sandbagged Allied parapets and down the trench walls past the fire steps, filled the trenches, found dugouts and deep shelters: and men who breathed it screamed in pain and choked. It was chlorine gas, caustic and asphyxiating. It smelled as chlorine smells and burned as chlorine burns.


Masses of Africans and Canadians stumbled back in retreat. Other masses, surprised and utterly uncomprehending, staggered out of their trenches into no-man's land. Men clawed at their throats, stuffed their mouths with shirt-tails or scarves, tore the dirt with their bare hands and buried their faces in the earth. They writhed in agony, ten thousand of them, serious casualties; and five thousand others died. Entire divisions abandoned the line.


Germany achieved perfect surprise. All the belligerents had agreed under the Hague Declaration of 1899 Concerning Asphyxiating Gases, "to abstain from the use of projectiles the sole object of which is the diffusion of asphyxiating or deleterious gases." None seemed to think tear gas covered by this declaration, though tear gases are more toxic than chlorine in sufficient concentration. The French used tear gas in the form of rifle grenades as early as August 1914; the Germans used it in artillery shells fired against the Russians at Bolimow at the end of January 1915 and on the Western front first against the British at Nieuport in March. But the chlorine attack at Ypres was the first major and deliberate poison-gas attack of the war.


As later with other weapons of unfamiliar effect, the chlorine terrorized and bewildered. Men threw down their rifles and decamped. Medical officers at aid stations were suddenly overwhelmed with casualties the cause of whose injuries was unknown. Chemists among the men who survived the attack recognized chlorine quickly enough, however, and knew how easy it was to neutralize; within a week the women of London had sewn 300,000 pads of muslin-wrapped cotton for soaking in hyposulfite - the first crude gas masks.


Even though the German High Command allowed the use of gas at Ypres, it apparently doubted its tactical value. It had massed no reserve troops behind the lines to follow up. Allied divisions quickly closed the gap. Nothing came of the attack except agony...


... Abrogating the Hague Convention opened an array of new ecological niches, so to speak, in weaponry. Types of gas and means of delivery then proceeded to diversify lke Darwin's finches.  Germany introduced phosgene next after chlorine, mixing it with chlorine for cloud-gas attacks like the one at Ypres because of its slow rate of evaporation. The French retaliated in early 1916 with phosgene artillery shells Phosgene then became a staple of the war, dispensed from cylinders, artillery shells, trench mortars, canisters fired from mortar like "projectors" and bombs. It smelled like new-mown hay but it was by far the most toxic gas used, ten times as toxic as chlorine, fatal in ten minutes at a concentration of half a milligram per liter of air. At higher concentrations one or two breaths killed in a matter of hours. Phosgene - carbonyl chloride - hydrolyzed to hydrochloric acid in contact with water; that was its action in the water-saturated air deep in the delicate bubbled tissue of the human lung. It caused more than 80 percent of the war's gas fatalities.


Chlorpicrin - the British called it vomiting gas, the Germans called it Klop - a vicious compound of picric acid and bleaching powder, came along next. German engineers used it against Russian soldiers in August 1916. Its special virtue was its chemical inertness. It did not react with the several neutralizing chemicals packed in gas-mask canisters; only the modest layer of activated charcoal in the canisters removed it from the air by adsorption. So a high concentration could saturate the charcoal and get through. It worked like tear gas but produced nausea, vomiting, and diarrhea as well. Men raised their masks to vomit; if the Klop had been mixed with phosgene, as it frequently was, they might then be lethally exposed. Chlorpicrin's other advantage was that it was simple and cheap to make.


The most horrible gas of the war, the gas that started a previously complacent United States developing a chemical-warfare capacity of its own, was dichloroethyl sulfide, known for its horseradish- or mustard-like smell as mustard gas. The Germans first used it on the night of July 17, 1917, in an artillery bombardment against the British at Ypres. The attack came as a complete surprise and caused thousands of casualties. Defense in the form of effective masks and efficient gas discipline had caught up with the offense by the summer of 1917; Germany introduced mustard gas to break the deadlock, just as it had introduced chlorine gas before. Shells marked with yellow crosses rained down on the men at Ypres. At first they experienced not much more than sneezing and many put away their masks. Then they began vomiting. Their skin reddened and began to blister. Their eyelids inflamed and swelled shut. They had to be led away blinded to aid stations, more than fourteen thousand of them over the next three weeks.


Though the gas smelled like mustard in dense concentrations, in low concentrations, still extremely toxic, it was hardly noticeable. It persisted for days and even weeks in the field. A gas mask alone was no longer sufficient protection. Mustard dissolved rubber and leather; it soaked through multiple layers of cloth. One man might bring enough back to a dugout on the sole of his boot to blind temporarily an entire nest of his mates. Its odor could also be disguised with other gases. The Germans sometimes chose to disguise mustard with xylyl bromide, a tear gas that smells like lilac, and so it came to pass in the wartime spring that men ran in terror from a breeze scented with blossoming lilac shrubs.


These are not nearly all the gases and poisons developed in the boisterous, vicious laboratory of the Great War. There were sneezing gases and arsenic powders and a dozen tear gases and every combination. The French loaded artillery shells with cyanide -- to no point except hatred, as it turned out, because the resulting vapors were lighter than air and immediately lofted away. By 1918 a typical artillery barrage locomoting east or west over the front lines counted nearly as many gas shells as high explosive. Germany, always logical at war to the point of inhumanity, blamed the French and courted a succession of increasingly desperate breakthroughs. The chemists, like bargain hunters, imagined they were spending a pittance of tens of thousands of lives to save a purseful more. Britain reacted with moral outrage but capitulated in the name of parity.

Table 1. Principal twentieth-century chemical warfare agents.(3)
Common name (USAF symbol)
Chemical name by category
Lethal dosagea





Incapacitants 



 CAP (CN)
chloracetophenone
11,000

 CS
2-chlorobenzalmalononitrile
25,000

 Adamsite (DM)
10-chloro-5.10-dihydrophenarasine
15,000





Choking agents



 Chlorine

19,000

 Phosgene (CG)
carbonyl chloride
3,200

 Chloropicrin (PS)
trichloronitromethane
20,000





Blood agents



 Hydrogen cyanideb (AC)

2,000-5,000

 Cyanogen chloride (CK)

11,000

 Sulfur mustard (H, HD)
bis (2-chloroethyl) sulfide
1,500

 Nitrogen mustard (HN-3)
tris(2-chloroethyl) amine
1,500

 Lewisite (L)
2-chlorovinyldichloroarsine
1,300





Nerve agents



 Tabun (GA)
O-ethyl-N.N-di-methyl-phosphor-amidocyandicate
400

 Sarin (GB)
isopropyl methylphosphonofluoridate
100

 Soman (GD)
1.2.2-tri-methyl-propyl-methyl-phosphonofluoridate
70

 VX
O-ethyl S-di-isopropyl-amino-ethyl-methylphosphonothiolate
36

__________________________________________________________________

a Approximate dosage (milligram-minute/meter3) of airborne agent likely to kill about 50 percent of people exposed and unprotected. 
b Blood agents rapidly break down standard gas mask filters. Filters should be replaced immediately after the "all clear" is sounded following attack with a blood agent. (AC has been used extensively by the Iraqi and Iranian Armies).
Case History - Nerve Agent Exposure (4)

This 52 year old man had been cleaning a Sarin-contaminated area at a U.S. Army Arsenal and was wearing full protective gear, including a protective mask, which was later shown to have a crack in the voicemitter diaphragm. After complaining of an increase in oral and nasal secretions and difficulty breathing, he left the area. Within minutes he was in marked respiratory distress and had copious secretions. He arrived at the emergency room 5-10 minutes after the onset of the first symptoms.


On arrival, the patient was cyanotic and convulsing; his breathing was labored; muscular fasciculations, miosis, and marked salivation and rhinorrhea were evident. Because of the urgency of the situation, treatment was begun before he was examined more thoroughly.


Atropine sulfate, 2 mg iv and 2 mg im, was given immediately; then an intravenous infusion of pralidoxime chloride (2 gm in 150 ml of normal saline) was begun and oxygen was given through a face mask. An additional 2 mg of atropine was given several minutes later. In 2-3 minutes his respirations were less labored and the cyanosis had decreased. Blood pressure was 190/110. The heart was regular at 130 bpm. Marked muscular fasciculations were still present, but bronchoconstriction and secretions had diminished. 


Twenty minutes after admission, the first dose of pralidoxime had been adsorbed and another 2 grams was started. Because of the return of copious secretions, an additional 2 mg of iv atropine was administered. About 30 minutes after admission, the patient was awake, but intermittently irrational. Pertinent findings on examination were musculature fasciculations, bilateral wheezes, S4 cardiac gallop, and marked miosis. He became nauseated and vomited a small amount.


Over the next 20 minutes his respirations decreased in frequency and amplitude; 50 minutes after admission, he again vomited and then became more irrational, fought assistance, and became cyanotic. More atropine (2 mg im) was administered and a third dose of pralidoxime chloride (2 gm) was given. At 60 minutes after admission he became comatose and apneic. Although rhonchi and wheezes were present throughout all lung fields, adequate aeration was established by assisted ventilation, and his color improved. An NG tube was passed because of gastric distention and repeated vomiting. An additional dose of atropine (3 mg) was given slow iv push because of bronchoconstriction.


After 50 minutes of assisted ventilation, feeble respiratory efforts returned, but air exchange was poor and intermittent respiratory assistance was continued for an hour more (3 hours after admission). Additional atropine (1 mg iv) was required 1.25 hours after intubation because of increasing bronchoconstriction.


At about 2.5 hours after admission his sensorium slowly began to clear, he began to breath spontaneously with adequate aeration, and his color was good. At 9 hours after admission he felt well enough to walk around the ward, although he was very weak and areflexic.


During a restless night he complained of numerous muscle pains and vomited twice more. The following morning (18 hours after admission) he had small but reactive pupils, clear lung fields, no cardiac gallop, and reactive deep tendon reflexes.


Because of ECG changes (elevated ST segments and inverted T waves), the patient remained hospitalized. During the first 2-3 days he was very labile emotionally and had one episode of hysterical voice loss. He also complained of minimal, migratory chest pains and a slight productive cough. From the fourth day onward the patient was asymptomatic, and he had an uneventful recovery. 


At four month post-admission he was re hospitalized for complaints of easy fatigability, dyspnea on exertion, restlessness, and poorly localized pains in his chest and abdomen. An ECG taken at this time was read as normal. No physical causes were ever found for his complaints, but he was noted to have a marked depression associated with anxiety, crying spells, and restlessness. Approximately 18 months after his exposure, a casual inquiry revealed that he had died suddenly. The autopsy diagnosis was acute myocardial infarction, with 100% occlusion of the right coronary artery by atherosclerotic plaque.

Case History - Mustard Gas Exposure (5)


On 9 Mar 1956 at 1845 hours, three children were brought into Mont-Saint Martin Hospital in the Longwy basin (France). They had been injured by the explosion of a shell they had found in some unidentified area, and which 2 of the 3 had been trying to dismantle for 2 days.


The two youngest (12 and 13 years of age, respectively) were in very serious condition. They were the ones who, positioned over the shell, had been trying to dismantle it. The shell had blown up in their hands. A North African worker who had been passing by hurried over, picked one of them up, and carried him to the nearest automobile.


The children were in deep shock upon arrival at the hospital. Their bodies were riddled with wounds, but these were superficial. They had spots on their bodies, particularly about the thorax, that had apparently been made by a clear substance, slightly yellow, barely visible under electric light because of its color. Upon touching the substance, the impression was that of spots of automobile engine oil, mixed with earth, blood, and tar.


The children shortly began to tremble violently, and at the end of one hour began to vomit continuously, in spasms. They cried in pain, trying with their hands to relieve their heavily congested and swollen eyes.


They died 3 and 4 hours later, respectively, despite the attempts to treat their shock. Both died dramatically, with pulmonary edema and rose-colored albuminous sputum. Burns had not yet appeared at the time of death, but edema had begun to appear all over the body.


Meanwhile, a surgeon and an intern had been treating the third wounded child.


This patient, 14 years of age, had been standing somewhat to the side, but still had been hit by a splinter that had caused a chest-abdominal wound involving the liver.


The radiograph revealed a small metallic splinter. After being treated for shock, he was subjected to laparotomy. The splinter could not be extracted, and the liver was tamponed and drained.


At about 2200 hours (3.5 hours after the injury), there was a rapid onset of considerable edema of the face, accompanied by erythema in disseminated patches. Simultaneously, vomiting analogous to that already described. Within two hours the face was covered with isolated vesicula which multiplied, spread, and merged into vast phylctenae that spread to the hairy cover of the skull and reached the occiput. The conjunctivae were very irritated. Intense photo-phobia was present. The eyelids were edematous.


Four hours after the arrival of the children at the hospital, the intern who had given first aid to the three children, and who had remained at their side constantly, in turn showed alarming phenomena. He became drowsy, interspersed with distressing nausea that soon gave rise to vomiting in spasms. He became progressively photo-phobic, accompanied by increasing ocular pain that became agonizing. Local cocaine instillations were only partially soothing. His voice became hoarse. Then, after the onset of burning sensations, came intense edema of the face, arm and hands, giving way very rapidly to phlyctenae.


At about 0200, the Algerian who had carried one of the children in his arms came into the hospital panic stricken. He complained of the phenomena of conjunctival irritation which would, in the days that followed, evolve to keratitis. He also had burns on his hands and arms, as well as at the level of the anterior face of the thorax and abdomen. The mustard gas had diffused and the burns corresponded perfectly to the surfaces that had been used to support the child as he was carried.


At this same hour the surgeon who had operated on the injured child was awakened by a marked conjunctival irritation, watering eyes, blepharospasm, and photophobia. These phenomena were to persist for several days, without, however, the development of keratitis. The periphery of his eyes showed 1st degree burns, which would leave a persistent butterfly melanoderma. Twenty-four hours after the toxic contact there would be coughing fits that were calmed by antihistamines.


The duty nurse had undressed the children and had put away their clothing. She had been in constant attendance around them after they had been given first aid, and she had shrouded the two deceased.


Toward midnight, 5 hours after the admission, she began to experience a sharp headache that grew progressively worse and which was accompanied by very distressing vomiting that lasted most of the night. The symptoms had abated somewhat by the next day, but dysphagia and hoarseness persisted for several days. The general syndrome was thus well established, but her eyes remained unchanged. They had been protected by glasses. She had been well dressed (almost completely covered), so that only her hands and wrists showed 1st and 2nd degree burns. 


In all, the explosion of this 40-year-old mustard gas shell claimed 14 victims who suffering was varied in seriousness. Two children died quickly. A third was gravely injured. Five others presented with dramatic manifestations, which happily regressed. Six were only slightly intoxicated.


The third child remained critical for almost 10 days, suffering in particular from intense nervous phenomena and serious pulmonary manifestations.


Shortly after the appearance of phlyctenae, along about the 6th hour, the victim fell into a deep somnolence that rapidly turned into coma, accompanied by incontinence until the 5th day. This coma was interrupted by manifestation of intense agitation, disordered, with cries, and attempts to run away. At this time there had been neither convulsions nor attacks of choreoathetosis. Examination of reflexes revealed no modifications. This agitated condition persisted for more than 48 hours. The patient then returned to a state of prostration with somnolence that persisted for several more days.


The skin lesions, particularly marked on the face and neck, were, as a whole 2nd degree, with those around the eyes 3rd degree. The patient was able to leave the hospital after a stay of 5 weeks.

Biological warfare


Introduction. Nothing captures the imagination of the lay public (and military line officers) like the notion of no-holds-barred germ warfare. Several movies in recent memory have been made about this ultimate of military nightmares: The Andromeda Strain, The Alien trilogy, The Omega Man, and most recently Outbreak. In several of these movies, it is implied that the U.S. military is interested in developing biologic agents for germ warfare purposes. It should be made clear at the outset of this discussion that all research conducted on biologic agents in the Department of Defense is Unclassified. I have been to Ft. Detrick, and have seen their biohazard Level 4 areas (which look nothing like those seen in Outbreak), and I am confident that they are not up to anything evil. However, two recent books, The Hot Zone and The Coming Plague, have succeeded in reinforcing this sub-acute panic in the American public regarding military research on biologic agents. 


Actually, germ warfare is probably a much more useful to a terrorist than to the U.S. military. Most casualties would likely be civilian in any case, since civilians have no protective equipment. If forewarned, our current gas masks are adequate defense against all known agents, so no military advantage would be gained, and the country first using biologic agents would reap the scorn of all civilized nations. This makes use of biologic agents by governments unlikely, although rogue nations may consider it. This list of nations would be short, and I’m sure you could all guess them from the above discussion on nuclear weapons: Iraq, Iran, North Korea, Libya, and possibly Syria.


Recombinant germ warfare. Although much discussed in the lay press, recombinant germ warfare remains an unlikely event. Although literally any toxin could be cloned and placed into a bacterium or virus (see partial list of toxins, Table 3), it is unlikely that any government or terrorist would take the time to develop such a weapon. Why not? Because there are such potent agents available “off the shelf”, the classic example being anthrax.

Table 2. Pathogenic organisms produced or studied as potential BW agents(3)
Pathogen
Disease common name
Death rate (%) in untreated cases of natural disease





Viruses







Chagres virus



Chikungunya virus
Chikungunya fever
0-1





Crimean-Congo hemorrhagic fever virus







Dengue fever virus
Dengue fever
0-2





Ebola virus
Ebola fever
65-80





Eastern equine encephalitis virus
Eastern equine encephalitis
50





Venezuelan equine encephalitis virus
Venezuelan equine encephalitis
0-2





Western equine encephalitis virus
Western equine encephalitis
0-3





Hantaan virus
Korean hemorrhagic fever
5





Japanese encephalitis
Japanese encephalitis virus
5-30





Junin virus
Argentine hemorrhagic fever
5-15





Kyasanur Forest Virus
Kyasanur Forest disease






Lassa fever virus
Lassa fever
1-50





Lymphocytic choriomeningitis virus
Lymphocytic fever






Marburg virus
Marburg fever
35





Mayaro virus
Mayaro






O'nyong-nyong virus
O'nyong-nyong fever






Rift Valley fever virus
Rift Valley fever
0-1





Ross River virus
Ross River






Sandfly fever virus
Sandfly (Pappataci) fever
0





Sindbis virus
Sindbis






Tick-borne encephalitis virus (Russian Spring-Summer encephalitis virus)
Tick-born encephalitis






Variola virus
Smallpox
10-30





West Nile virus







Yellow fever virus
Yellow fever
30-50





Bacteria







Actinobacillus mallei
Glanders
90-100





Bacillus anthracis
Inhalation anthrax
95-100





Legionella pneumophila
Legionnaires' disease
15-30





Brucella species
Brucellosis
2-5





Chlamydia psittaci
Psittacosis
10-100





Clostridium tetani
Tetanus
90-100





Clostridium perfringens
Gas gangrene
high





Francisella tularensis
Tularemia
0-60 





Salmonella typhosa
Typhoid
4-20





Shigella
Dysentery
2-20 





Vibrio cholera
Cholera
10-80





Yersinia pestis
Black plague, bubonic plague
30-100 





Rickettsiae







Coxiella burnetii
Q-fever
0-2

__________________________________________________________________

Table 3. Toxins produced or studied as potential BW agents (3)

Toxin
Source
Lethal dosage (LD50)a

Batrachotoxin
Colombian frog
100





Botulin
Clostridium botulinum 
0.6





Cobratoxin
Chinese cobra
50





Conotoxin
Marine Cone snail
n/ab





Crotoxin
South American rattlesnake
n/a





Ricin
Castor beans
100





Saxitoxin
Shellfish (Red tide)
200





Staphylococcus   enterotoxin
Staphylococcus aureus
Type A - 1,300

Type B - 6,000





Taitoxin 
Taipin snake
n/a





Tetanus toxin
Clostridium tetani 
2.5





Trichothecene mycotoxins
Fusarium species
1-15,000,000





Sarin (for comparison)
Nerve agent
200,000-1,500,000

__________________________________________________________________
a nanogram/kg (parenteral dose) estimated to have 50 percent chance of killing subject

bn/a = not available

Case Histories - Biological Agent Contamination (Anthrax)


A large epidemic of anthrax occurred in Sverdlovsk (now Ekaterinburg), Russia, in 1979 that resulted in 96 human cases and 64 deaths. Boris Yeltzin in May, 1992 admitted that this epidemic was the result of a biological warfare accident. However, the Russian government has issued no follow-up statements. Dr. Faina Abramova of the former Soviet Union was able to secure paraffin tissue blocks and photographs of the autopsies on 42 victims of this epidemic. These materials were recently reviewed by an infectious disease pathologist from the University of Texas, Galveston, and the results have recently been published (6).


By studying the data from the article (Table 4, below), one can see that inhalation anthrax proceeds very rapidly to death. A recent analysis (7) of meteorological data and patient locations suggests that most of the victims were in the path of a prevailing wind on April 2, 1979. This is the suspected date of release of anthrax spores from a Soviet microbiological facility known as Compound 19. The previously accepted incubation period for inhalation anthrax was 2-6 days, however, in this outbreak the mean was 9-10 days. For one fatal case the incubation period was 43 days. This variation may reflect different amounts of exposure, or perhaps is a biologic variation in different human hosts.


Medical personnel that encountered the first victims diagnosed pneumonia, although there was chest pain severe enough to be confused with myocardial infarct in some cases. The chest pain is probably due to hemorrhagic mediastinitis, which produces rapid expansion of the mediastinum, easily discernible on chest x-ray. This is said to be the earliest sign of inhalation anthrax. The pathogenesis of B. anthracis infection is that the spores are rapidly transported to mediastinal lymph nodes, where they germinate. The bacilli produce a tissue toxin. The toxin has 3 distinct components: protective antigen, edema factor, and lethal factor. Thus the chest receives the brunt of the local effects of toxin. Since the organism replicates rapidly, septicemia quickly ensues if death does not intervene, with spread of the bacilli to other organs. Hemorrhagic meningitis occurred in 21 of the 42 cases. Gastrointestinal hemorrhages were observed in 39 of 41 cases.


This study is remarkable because there have been only 11 reported cases of inhalation anthrax in the English medical literature since 1960. This one paper quadruples the numbers of fatalities, all occurring over the space of a few days!

Table 4. Clinical data of 42 cases of inhalation anthrax, Sverdlosk, Russia, 1979.

Patient Number
Age/Sex
Onset date
Admission date
Date of Death
Culture
Histology









1
42/M
4/7
4/10
4/10
+
+

2
67/M
4/7
4/8
4/10
n/aa
n/a

3
68/F
4/8
4/9
4/10
+
+

4
38/M
n/a
4/8
4/8
n/a
n/a

5
47/M
n/a
n/a
4/12
+
+

6
68/M
4/9
n/a
4/13
-
+

7
25/F
4/10
4/12
4/13
+
+

8
66/F
4/10
4/13
4/13
+
+

9
50/M
4/12
4/13
4/13
-
+

10
65/M
4/10
4/13
4/14
-
+

11
48/M
4/11
4/13
4/14
-
+

12
42/M
n/a
4/13
4/14
+
+

13
40/M
n/a
n/a
4/14
+
+

14
52/M
n/a
n/a
4/14
+
+

15
37/M
4/12
4/13
4/15
-
+

16
32/M
4/10
4/13
4/15
-
+

17
52/M
4/13
4/14
4/16
-
+

18
68/F
n/a
4/16
4/16
-
n/a

19
71/F
n/a
n/a
4/15
-
+

20
58/F
4/15
n/a
4/25
-
-

21
42/F
n/a
4/13
4/17
-
+

22
49/M
n/a
4/16
4/16
+
+

23
43/M
4/14
4/15
4/16
-
+

24
68/F
4/14
4/22
4/30
-
-

25
44/M
4/15
n/a
4/18
+
+

26
39/M
4/15
n/a
4/19
+
+

27
46/M
4/15
n/a
4/21
+
+

28
50/F
4/17
4/21
4/25
-
+

29
45/M
n/a
n/a
4/22
-
+

30
39/M
4/20
n/a
4/23
+
+

31
42/M
4/21
4/23
4/24
-
+

32
42/M
4/21
4/24
4/24
+
+

33
48/M
4/22
n/a
4/24
+
+

34
33/M
4/25
n/a
5/3
-
n/a

35
32/M
n/a
4/28
4/28
+
+

36
55/M
4/27
5/1
5/1
-
+

37
33/M
4/29
4/30
4/30
+
+

38
43/M
5/4
5/6
5/10
-
n/a

39
25/M
5/7
5/12
5/12
+
+

40
30/M
5/9
n/a
5/10
+
+

41
29/M
5/12
5/15
5/16
-
+

42
?/M
n/a
n/a
n/a
+
+

______________________________________________________________________________

an/a = not available

Prevention of anthrax


A licensed vaccine is available in the United States which consists of a germ-free filtrate of a culture derived from an avirulent strains. The proteins of the filtrate are adsorbed onto aluminum hydroxide (alum), the only licensed adjuvant for human use. The vaccine has been shown to protect guinea pigs and monkeys from cutaneous and respiratory anthrax. Naturally, no human tests of the current U.S. vaccine against inhalation anthrax have been performed. In Russia, a spore-derived vaccine is used that is administered by scarification (similar to smallpox vaccination). This vaccine does have an inherent advantage over the vaccine available in the U.S., in that is derived from spores, which are the most likely form to be used in a biowarfare attack. 

Diagnosis and treatment


Diagnosis of the pulmonary form is based upon a high degree of clinical suspicion in a setting where exposure to an aerosol of anthrax spores is likely. Hemorrhagic medistinitis is the classic presentation, with a widened medistinum on CXR. Treatment consists of high doses of intravenous penicillin G, and supportive care, although recombinant DNA analysis of the Sverdlosk epidemic described above has revealed several different stains were involved, some of which are thought to have been engineered to be resistant to penicillin. This has caused DOD to currently recommend Ciprofloxacin (Cipro) as an alternative drug, in combination with preventive use of the groundcrew ensemble, and required vaccination.

Summary and Conclusions


From the data presented, it appears there is little we can do should we encounter a sudden attack by NBC weapons for which we are unprepared. If we have forewarning, however, our Ground crew Ensemble will provide adequate protection from all known biologic and chemical weapons (except cyanide, which would require oxygen; however, it is rapidly diffusible and would probably not make a very good weapon). I believe a chemical or biological attack is most likely at present, because relatively little technology and relatively little capital is needed to produce such weapons. They are truly the “poor-man’s atomic bomb”.


In cases of isolated exposure, a small forward-deployed unit may show medical evidence of attack by biologic or chemical agents. We must be aware of this possibility, as we may constitute the first line of defense in warning the command of possible attack. Look for similar symptoms, clustered in time, related to an enemy plane or low magnitude explosion which emits gas or a cloud of organisms.


I think the best response to such an attack in these uncertain times is to simply put on our groundcrew ensemble and run away! The degradation in performance with the groundcrew ensemble is so great that it’s not worth retaining the ground. The location should be evacuated so that a team of international experts could document the use of such weapons by the offending country or group (which violates international conventions). There is no need for us to reply in kind with chemical or biological weapons of our own, since we theoretically have overwhelming conventional capability against such rogue countries or terrorist groups. Depending upon the size of the attack, an international medical response might be necessary to handle civilian casualties.
Literature cited:
1. Shipman, T.L. A radiation fatality resulting from massive over-exposure to neutrons and gamma rays. In "Diagnosis and treatment of acute radiation injury." International Documents Service, New York, pp. 113-133, 1961.

2. Rhodes, Richard. The making of the atomic bomb. 

3. Preventing a biological arms race. Wright, Susan (Editor) MIT Press, Cambridge, MA 1990.

4. Sidell, F.R. Soman and Sarin: Clinical manifestations and treatment of accidental poisoning by organophosphates. Clinical toxicology 7: 1-17, 1974.

5. Heully, F., et al. [Collective intoxication caused by the explosion of a mustard gas shell]. Annales de Medecine Legale, 36: 195-204, 1956 (French).

6. Abramova, F.A., et al. Pathology of inhalation anthrax in 42 cases from the Sverdlovsk outbreak of 1979. Proc. Natl. Acad. Sci. USA 90:2291-2294, 1993.

7. Meselson, M., et al. The Sverdlovsk anthrax outbreak of 1979. Science 266:1202-1208, 1994.

