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PROLOGUE
LIVE-AGENT  TRAINING
THE U.S. ARMY Chemical School at Fort Leonard Wood, near the edge  of the Ozark Mountains in south-central Missouri, trains thousands of soldiers, sailors, and marines each year in the art and science of chemical warfare defense. Students enrolled in the Chemical Officer Basic Course learn  to detect and identify the various types of chemical warfare agents, to don  and seal a gas mask in seconds, to treat chemical casualties with injections of  antidotes, and to decontaminate vehicles. The climax of the twenty-week  course is a “live-agent” exercise in which a group of trainees, wearing full-body protective suits and masks, perform tasks inside a sealed chamber containing lethal concentrations of nerve agents, the deadliest class of chemical  weapons.
Designed to kill, nerve agents such as Sarin and VX serve no peaceful  purpose. They are colorless, odorless liquids that enter the body through the  lungs or skin and attack the nervous system. Initial symptoms of nerve  agent poisoning are runny nose, excess saliva, pinpoint pupils, and shortness of breath, followed by profuse sweating, stomach cramps, and involuntary muscle twitches. Finally the victim falls to the ground, convulses, and  loses consciousness, after which inhibition of the breathing center of the  brain and paralysis of the respiratory muscles cause death by asphyxiation  within several minutes.
German chemists discovered nerve agents accidentally while doing  industrial pesticide research in the mid-1930s. These compounds were then  developed into weapons by the Nazi regime, which stockpiled but never   used them during World War II. Although Adolf Hitler had at his disposal  chemical weapons that were vastly more toxic than were any previous war  gases, the Allied leaders had no inkling of this fact—a major failure of Western intelligence. Only after the war did the victorious Allies discover the  secret of the German nerve agents and launch their own intensive development and production programs. During the 1950s and ’60s, the United  States and the Soviet Union manufactured vast quantities of nerve agents in  a shadowy chemical arms race that paralleled the high-profile nuclear  weapons competition.
For a brief period, nerve agents remained the exclusive province of the  advanced industrial states. Beginning in the early 1960s, however, the technology and know-how to produce these weapons spread to about a dozen  nations of the developing world. This process of chemical proliferation culminated in Iraq’s large-scale use of nerve agents during the Iran-Iraq War of  the 1980s and its brutal campaign of repression against the Iraqi Kurds.
Even more worrisome than the spread of nerve agents to so-called rogue  states is the growing interest by terrorists in acquiring these weapons. Like  some national leaders, terrorists might consider using lethal chemicals  against civilians, who are far more vulnerable than troops wearing gas  masks and protective suits. In a 1999 magazine interview, terrorist mastermind Osama bin Laden declared his intent to attack the United States and  its allies using nonconventional means. “We don’t consider it a crime if we  [try] to have nuclear, chemical, biological weapons,” he said. “Our holy  land is occupied by Israeli and American forces. We have the right to  defend ourselves and to liberate our holy land.” Bin Laden added that any  U.S. citizen who pays taxes is a legitimate target “because he is helping the  American war machine against the Muslim nation.” The dispersal of a  volatile nerve agent such as Sarin in a crowded subway station, shopping  mall, or sports arena could potentially claim hundreds or even thousands of  victims.
Given the clear and present danger posed by chemical weapons, live-agent training at Fort Leonard Wood is not just a military rite of passage; it  serves a vital purpose. Although soldiers can learn to use protective gear  with nonlethal chemicals such as tear gas, only the experience of working  with “live” nerve agents teaches them to handle the psychological stress of  fighting on a battlefield that has been contaminated with invisible but  deadly poisons. Unless troops gain confidence in the ability of their equipment to protect them,  they could be paralyzed  with fear when encountering nerve agents in  combat for the first  time.
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A soldier from the 82nd Chemical Battalion during a  chemical defense training exercise at the U.S. Army  Chemical School.
LIVE-AGENT training  at Fort Leonard Wood  takes place inside a $27  million facility called  the E. F. Bullene Chemical Defense Training  Facility (CDTF), which  opened in October 1999.  From the outside, the  modernistic, semicircular building with a  domed roof bears a  strong resemblance to  a flying saucer. Built  of reinforced concrete  strong enough to withstand earthquakes and  tornadoes, the 72,600-square-foot structure contains classrooms, training  and administrative areas, a medical clinic, and a chemical laboratory. The  CDTF is one of two live-agent training facilities in the United States; the  other is at the Center for Domestic Preparedness (formerly Fort McClellan)  in Anniston, Alabama, where the Department of Homeland Security  teaches city and state emergency personnel to respond to incidents of chemical terrorism.
At the core of the Fort Leonard Wood facility is a circular “hot zone,” or  containment area, which has been subdivided like a sliced pizza into eight  bays for training exercises with lethal chemicals. A powerful ventilation system generates negative atmospheric pressure, so that if the containment area  is breached the nerve agent vapors will remain inside rather than leaking   into the environment. The building’s energy and safety systems have multiple redundant backups, and contaminated air from the training area passes  through eighteen high-efficiency filters before being released to the outside.  Closed-circuit television cameras, air-sampling systems, and electronic  alarms continually monitor the training bays. In the unlikely event of an  accidental release of nerve agent, the facility has been sited so that the prevailing winds will carry the plume of lethal gas over unpopulated areas.
Prior to the live-agent exercise at the end of the Chemical Officer Basic  Course, the trainees have their blood drawn to measure their baseline levels  of cholinesterase, a key enzyme in the nervous system that is specifically targeted by nerve agents. Each student is assigned a buddy and spends a week  in a training area designed to simulate the hot zone, learning to perform  complex tasks while wearing a gas mask and a bulky protective suit that  encapsulates the entire body and weighs fourteen pounds. Donning the  chemical suit involves several steps. The soldier first puts on underwear, a  cotton battle-dress uniform, white canvas sneakers covered with black vinyl  booties, and a battle-dress overgarment (BDO): a set of camouflaged pants  and jacket lined with a layer of activated charcoal that absorbs and neutralizes toxic agents. The trainee pulls the drawstrings of the BDO tight at the  wrists and ankles to seal off leaks and then straps on a hood that protects the  head, face, and neck, followed by white cotton gloves and heavy black rubber gloves. Finally, he dons the M40 gas mask, which contains a charcoal filter to protect the eyes and lungs, a voice transmitter, and a plastic tube that  makes it possible to drink water without unmasking.
On the day of the live-agent exercise, the twelve masked and suited  trainees, accompanied by their instructors, approach the containment area  of the CDTF through a series of doors with electronic locks. Because the gas  masks have oversized eye lenses and elongated snouts, the trainees resemble  a swarm of giant insects. Before entering the hot zone, they move into a  room where their gas masks are checked and rechecked. Even a two-day  growth of beard is sufficient to break the seal around the face. To verify that  the masks are airtight, the soldiers sit on chairs under clear plastic cowls and  are sprayed with an acrid chemical called stannic chloride, which normally  causes severe coughing. If the mask has been fitted properly, it screens out  the toxic mist.
After passing this test, the twelve trainees file into the narrow corridor  that encircles the building’s core. The door to the training bays opens with a   sucking sound, caused by the negative atmospheric pressure within. While a  safety officer in another part of the building watches on closed-circuit television, the trainees gingerly enter the hot zone. By now, the air is thick with  tension. Not only are the students anxious about the ordeal ahead, but their  chemical suits are hot, awkward, and stressful. The BDO alone raises body  temperature 10 degrees, and the gas mask has an unpleasant rubbery smell,  restricts breathing, distorts vision, and dulls hearing.
Clammy with sweat, their hearts beating a rapid tattoo in their ears, the  trainees experience an oppressive feeling of claustrophobia combined with a  dread of poisoning. Having studied the toxicology of the nerve agents and  seen videotapes of laboratory animals convulsing and dying, they understand all too well the consequences of exposure. The presence of two medics  carrying antidote-filled syringes is only slightly reassuring. If antidote is  injected into the thigh muscle within seconds, it can save the life of someone who has been “slimed.” For one young soldier, the tension is too great;  she breaks down in tears and has to be escorted out.
In the first bay, the trainees form a circle around a metal table in the center of the room. Attempting to overcome their fear with a show of bravado,  they begin a muffled chant: “We want the nerve! We want the nerve!”
As if on cue, two agent handlers enter the room. Wearing heavy green  rubber aprons over their protective suits, they walk with slow, measured  steps. Each handler carries a small plastic tackle box containing a syringe  filled with nerve agent, which has been synthesized in an on-site laboratory  and stored in a guarded vault. Holding a bowl of decontaminating solution  below the box to catch any stray drops, one handler carefully removes the  syringe and uses it to deposit six drops of clear fluid at various points on   the surface of the metal table. He then turns toward the video camera in the  corner of the room and announces solemnly, “We’ve got the nerve.”
The trainees now carry out their assigned task, which is to identify the  toxic agent. Working awkwardly with thick rubber gloves, one member of  each team removes a piece of M8 detection paper from a pocket-size detection kit and skims the paper over the surface of one of the drops, wetting a  small portion. If the liquid contains a chemical warfare agent, the indicator  paper will change color: red for a blister agent such as mustard, yellow for  Sarin, green for VX. Holding the M8 paper at arm’s length, the trainee  watches it turn dark green, indicating that the clear fluid is VX. He then  “kills” the paper by dropping it into a bucket of decontamination solution.
The teams now check for vapor hazard using an M256 chemical agent  detector kit, a small card studded with transparent plastic bubbles containing liquid-filled glass ampoules. Crushing two of the ampoules with one’s  gloved fingers causes the chemicals to mix and react, yielding an indicator  fluid that turns a test spot blue-green if no nerve agent is present. The spot  remains colorless, confirming the presence of VX vapor. When the six teams  have completed the exercise, the instructor decontaminates the metal table  with a highly corrosive solution known as DS2. As the fluid reacts with and  destroys the nerve agent, a column of white smoke rises eerily from the  metal surface.
In the next two training bays, the trainees identify areas of VX contamination on items of military equipment, including a Humvee and the frame  of a helicopter, and inject nerve agent antidote into a mannequin wearing a  battle-dress uniform to simulate treatment of a chemical casualty. The soldiers also practice drinking from a canteen through a straw inserted through  the tube in the gas mask.
After completing their assigned tasks, the students leave the hot zone  and enter an air lock. They must now go through a lengthy, multistep  process of decontaminating their protective garments and then doffing  them one by one. This task requires a great deal of self-control, for by now  the trainees are desperate to get out of the oppressive suits and masks. If a  student breaks the seal on his gas mask prematurely or removes the elements  of the protective ensemble in the wrong order, he is “red-tagged” and sent to  the medics for a blood test. Finally, the trainees strip to their underwear,  hold their breath, and pass through an ice-cold shower to close their pores.
Once the students have cleared the showers, the tension breaks and they  discuss their experience in boisterous tones, laughing and joking. No one  admits to having been afraid.

CHAPTER ONE
THE CHEMISTRY   OF WAR
IN THE LATE AUTUMN OF 1914, the opposing armies on the western  front huddled in their trenches near the Belgian town of Ypres, lobbing  artillery shells at each other across a barren no-man’s-land strewn with thickets of rusty barbed wire, craters, and splintered trees. Germany had launched  the war on August 5 by carrying out the Schlieffen Plan, a massive surprise  attack through neutral Belgium that sought to achieve the rapid conquest  of France in the west, followed by a knockout blow to Russia in the east. The  initial operations had gone according to plan, but when the kaiser’s armies  were thirty miles from Paris, a last-ditch counterattack by the French and  British forces on September 6–12, the Battle of the Marne, had halted the  German offensive. Then had come the “race to the sea” as each army tried to  outflank the other, the German capture of Antwerp, and the First Battle of  Ypres, where the British had blocked the German advance in Flanders. Seeking cover from the lethal hail of shrapnel and machine-gun fire, both sides  had dug in, building labyrinthine trenches that would ultimately extend  some four hundred miles across Belgium and France from the North Sea  coast to the Swiss border.
With the onset of winter, the adversaries found themselves trapped in a  bloody stalemate in which neither side was able to advance. Infantry offensives inevitably bogged down after taking negligible amounts of territory, at  a heavy cost in lives. Seeking to break the deadlock and regain the offensive,  the Germans began to consider the use of toxic chemicals delivered by  artillery shells to force the enemy out of his trenches. This idea was not  entirely new: in 1862, during the American Civil War, a New York City   schoolteacher named John W. Doughty had written to the Secretary of War  suggesting the use of poison gas shells against the Confederate forces. He  had designed a 10-inch projectile in which one compartment was filled with  a few quarts of liquid chlorine and the second with explosives; when the  shell burst, the explosion would convert the chlorine into an asphyxiating  gas. But the Union’s chief of ordnance, Brigadier General James Ripley, had  been resistant to new ideas and had rejected Doughty’s invention.
Because Germany possessed the world’s most advanced chemical industry, it enjoyed an inherent advantage in this type of warfare. The main  obstacles were the existence of an international treaty specifically banning  the use of shells to deliver asphyxiating gases and the deeply held belief that  toxic weapons were illegitimate. This “chemical weapons taboo” appears to  have originated in the innate human aversion to poisonous substances, as  well as revulsion at the duplicitous use of poison by the weak (including  women) to defeat the strong without a fair physical fight. Efforts to outlaw  the use of poisons in war dated back to the classical Greek and Roman  period. During the Middle Ages, German artillery gunners pledged not to  use poisoned weapons, which were judged “unworthy of a man of heart and  a real soldier.” The first known international agreement banning chemical  warfare, a Franco-German treaty prohibiting the use of poisoned bullets,  was drawn up in Strasbourg in 1675.
Before the second half of the nineteenth century, numerous poisonous  chemicals had been discovered, but they could not be produced on a large  scale. The emergence of the European chemical industry, which was capable  of manufacturing vast quantities of dyestuffs and other synthetic chemicals,  gave rise to new concerns over the potential use of lethal gases on the battlefield. In 1863, the U.S. War Department issued the Lieber Code of Conduct, which prohibited “the use of poison in any manner, be it to poison  wells, or food, or arms.” Similarly, the 1874 Brussels Declaration on the laws  and customs of war, signed by fourteen European countries but never ratified, banned the use of poison, poisonous gases, and weapons that caused  unnecessary suffering.
At the 1899 International Peace Conference in The Hague, representatives of twenty-six countries, including Germany, signed the first Hague  Convention Respecting the Laws and Customs of War on Land. Article  23(a) of this treaty prohibited “poison or poisoned weapons,” including the  deliberate tainting of arms, bullets, food, or wells. The contracting states   also signed a separate document, the Hague Declaration Concerning  Asphyxiating Gases, which specifically outlawed “the use of projectiles, the  sole object of which is the diffusion of asphyxiating or deleterious gases.”  This treaty effectively banned the use of chemical shells even before they  had been developed.
In late 1914, however, amid the futile slaughter of trench warfare, the traditional legal and moral restraints on the use of poison gas began to erode  under the pressure of military necessity. From the outset, the German High  Command had interpreted the Hague gas-projectile declaration as banning  only the release of lethal gases from shells specifically designed for that purpose. The German military also considered tear gases and other nonlethal  irritants to be equivalent to smoke, hence not covered by the legal ban.  Indeed, the French had begun using tear gas grenades in August 1914, the  first month of the war, albeit to little effect. Exploiting these loopholes, the  Germans proceeded to develop a 105 mm artillery shell that was loaded with  a lung irritant (dianisidine chlorosulfate) and was also designed to generate  shrapnel, so that its “sole” purpose was not the delivery of a toxic gas. In  October 1914, the Germans fired three thousand irritant shells at the British  forces near Neuve-Chapelle, but because the high-explosive charge burned  the chemical agent and neutralized its effects, the British remained unaware  that they had been subjected to a chemical attack.
The Germans then developed a 150 mm howitzer shell containing seven  pounds of another chemical irritant (xylyl bromide), once again combined  with an explosive charge to disperse shrapnel. In January 1915, German  troops fired more than 18,000 of these shells at the Russian positions near  Bolimow, but the subfreezing temperatures prevented the liquid agent from  vaporizing and rendered it harmless. The failure of these attacks with irritant gases, combined with a shortage of high explosives, led the German  High Command to consider the use of shells containing lethal agents.
The individual who became responsible for developing chemical  weapons for the German War Office was Professor Fritz Haber, a brilliant  young chemist and ardent Prussian nationalist who directed the Kaiser Wilhelm Institute for Physical Chemistry in Berlin. Although born Jewish,  Haber had converted to Christianity at the age of twenty-three. In 1909, he  had invented a revolutionary method for the synthesis of ammonia from  atmospheric nitrogen that was subsequently translated into a large-scale  production process by the industrial chemist Carl Bosch. Ammonia was   vital to the war effort because it was used to manufacture both ammonium  sulfate fertilizer, required for intensive agriculture, and nitric acid, a key  ingredient of the explosives nitroglycerine and TNT. The Haber-Bosch  process for producing ammonia freed Germany from its previous dependence on the importation of Chilean nitrates by sea. That source had dried  up shortly after the war began, when British warships had blocked German  supply lines across the Atlantic. Without a synthetic source of ammonia,  Germany would have quickly run out of food and ammunition, and  Haber’s essential invention made him a national hero.
In late 1914, Haber had the idea of loading artillery shells with chlorine,  which the German chemical industry produced in large quantities for the  production of dyestuffs. When a shortage of artillery shells ruled out this  method of delivery, he proposed instead that chlorine be released directly  from pressurized gas cylinders, allowing the wind to carry the poisonous  cloud over the enemy’s trenches. This tactic offered a number of potential  advantages: chlorine released directly from cylinders would blanket a far  larger area than could be achieved with projectiles, and the gas would dissipate rapidly, allowing the affected areas to be occupied by friendly troops.
In early January 1915, these arguments won over General Erich von  Falkenhayn, the chief of the German General Staff, who considered poison  gas “unchivalrous” but hoped that its use would result in a decisive military  victory. As the site of the first chlorine attack, Falkenhayn selected the  Allied-held town of Ypres in Flanders, Belgium. East of the town, the line of  Allied trenches extended about four miles into German-controlled territory,  forming a bulge called the Ypres Salient that was nine miles across at its  widest point. Holding the line on the left side of the Salient, near the village  of Langemarck, were the French 87th Territorial Division and the 45th  Algerian Division, made up of French-Algerian soldiers known as Zouaves.  Canadian and British units defended the center and right portions of the  bulge, respectively.
In mid-January, Haber ordered the chemist Otto Hahn and several  other colleagues to help prepare the chlorine attack. When Hahn objected  that chemical warfare would violate the Hague Convention, Haber replied  that the French had been the first to employ gas-filled munitions and that  countless human lives would be saved if the effective use of chemical  weapons brought the war to a rapid end. The German chemists helped to  organize a special unit for gas warfare called Pioneer Regiment 35. These   troops received training and equipment for handling chlorine, including  the so-called Dräger self-preserver (Drägersche Selbstretter), which they  would don for their protection when releasing the lethal gas.
On January 25, 1915, General von Falkenhayn ordered Infantry General  Berthold von Deimling, who commanded the German XV Army Corps at  Ypres, to report to the field headquarters at Mezières. According to Deimling’s memoirs:
Falkenhayn revealed to us that a new weapon, poison gas, was to be used  and that my corps area had been selected for the first attempt. The poison gas would be delivered in steel cylinders, which would be built into  the trenches and opened when the winds were favorable. I must confess  that the commission for poisoning the enemy, just as one poisons rats,  struck me as it must any straightforward soldier: it was repulsive to me.  If, however, the poison gas were to result in the fall of Ypres, we would  win a victory that might decide the entire campaign. In view of this worthy goal, all personal reservations had to be silent. So onward, do what  must be done! War is necessity and knows no exception.
Haber was dispatched to Flanders to organize and prepare the chemical  attack. Under his direction, the German War Office shipped to the front  1,600 large and 4,130 small steel cylinders filled with pressurized liquid chlorine. On March 10, 1915, five hundred German troops from Pioneer Regiment 36 began to emplace the cylinders along a four-mile line opposing the  French trenches, burying them vertically in slit trenches to prevent them  from being ruptured or destroyed by enemy artillery fire.
After emplacing the cylinders, the Germans waited for the wind direction to change. For more than three weeks, the prevailing winds at Ypres  blew from west to east, which would have carried the poisonous cloud back  over the German lines. Finally, in the late afternoon of Thursday, April 22,  the wind shifted and began to blow from the northeast. The velocity was  sufficient to carry the chlorine gas away from the point of release, yet slow  enough for the cloud to linger over the opposing trenches before dispersing.
AS THE LOWERING sun bathed the Ypres Salient in a warm, golden light,  the French and Algerian troops rested in their trenches, preparing the   evening meal and enjoying the cool breeze that had sprung up. Suddenly  the Germans began a long-range artillery bombardment of the villages in  front of Ypres. The thump of heavy shell fire from 17-inch howitzers echoed  across no-man’s-land, increasing rapidly in volume. Shell bursts flashed in  the distance, spewing lethal fountains of dirt and shrapnel. Finally the bombardment stopped, and the evening was dead still. Then at exactly 5:00  p.m., a captive balloon rose above the German trenches and fired three  flares, which sputtered brightly overhead.
At this signal, the German troops along the four-mile front simultaneously opened the cocks on the 5,730 buried cylinders. Pressurized streams of  chlorine gas hissed from lead pipes extending out of the forward trenches  and immediately turned white with the condensation of water vapor. A  total of 168 metric tons of chlorine billowed out of the cylinders and merged  into a vast, elongated cloud about five feet high. Heavier than air, the cloud  drifted across no-man’s-land toward the Allied trenches at a leisurely pace of  about four miles per hour. Gradually the warmth of the ground caused the  cloud to expand to a height of about thirty feet and assume a yellow-green  color, darker near the ground and lighter on top.
Believing that the Germans were using smoke to mask an infantry  assault, the French commanders ordered their men to mount the fire steps  of their trenches and prepare to repel the enemy advance. But instead of the  expected waves of German troops, the defenders saw only an endless bank  of yellow-green fog, moving inexorably forward. The usual explosions and  cries of battle had been replaced with an eerie silence.
As the wall of mist approached their lines, the French and Algerian  troops smelled a pungent, acrid odor that tickled their throats, burned their  eyes, and filled their mouths with a metallic taste. Moments later, the toxic  cloud enveloped them, veiling the world in greenish murk as if they had  suddenly been plunged several feet underwater. The chlorine seared their  eyes and burned the lining of their bronchial tubes, causing blindness,  coughing, violent nausea, splitting headache, and a stabbing pain in the  chest. Hundreds of soldiers collapsed in agony, their silver badges and buckles instantly tarnished greenish black by the corrosive gas.
As the poisonous fog engulfed the Allied trenches, the Germans  launched an artillery barrage. The remaining French and Algerian units fired  wildly into the cloud and then broke and ran in terror, dropping their  weapons and equipment. Within an hour, two divisions numbering some   ten thousand men had collapsed in disarray, tearing a gap four miles wide in  the Allied line. Six miles away, the British troops of the Queen Victoria Rifles  saw the yellow-green cloud in the distance and began to murmur in confused  speculation. A soldier named Anthony Hossack later wrote in his diary:
Suddenly down the road from the Yser Canal came a galloping team of  horses, the riders goading on their mounts in a frenzied way; then  another and another, till the road became a seething mass with a pall of  dust over all.
Plainly something terrible was happening. What was it? Officers,  and Staff officers too, stood gazing at the scene, awestruck and dumbfounded; for in the northerly breeze there came a pungent nauseating  smell that tickled the throat and made our eyes smart.
The horses and men were still pouring down the road, two or three  men on a horse, I saw, while over the fields streamed mobs of infantry,  the dusky warriors of French Africa; away went their rifles, equipment,  even their tunics that they might run the faster.
One man came stumbling through our lines. An officer of ours held  him up with leveled revolver, “What’s the matter, you bloody lot of cowards?” says he. The Zouave was frothing at the mouth, his eyes started  from their sockets, and he fell writhing at the officer’s feet.
More than six hundred French and Algerian troops lay blinded and  dying in the wake of the poisonous cloud. Some of the victims managed to  stagger to first-aid stations, where frantic doctors and nurses could do nothing to save them. Drowning on dry land as their lungs filled with fluid, the  patients gasped painfully for air and coughed up a greenish froth flecked  with blood. Gradually their faces changed from pallid white to grayish yellow, and their eyes assumed the glassy stare of death.
At 5:20 p.m., the German commander sent a few scouts wearing crude  respirators into no-man’s-land to determine if the air was now safe to  breathe. After the scouts gave the all clear, the German troops moved forward cautiously, collecting the abandoned rifles that littered the field. Their  advance was slowed by patches of chlorine gas that lingered in depressions  in the ground, but within an hour the Germans had captured the villages of  Langemarck and Pilckem, taken two thousand prisoners, and confiscated  fifty-one artillery pieces.
Because the German High Command had been skeptical that the chlorine attack would produce significant results, it had not arranged for the  reinforcements needed to exploit a possible breakthrough. By dusk, the  German units had advanced less than three miles into the Ypres Salient. On  reaching the Yser Canal, they dug in and awaited further orders. Meanwhile, fresh Canadian and British troops advanced from the opposite direction and re-formed a continuous defensive line about four miles behind the  abandoned French trenches, so that the town of Ypres remained in Allied  hands. Haber was furious that the German generals had failed to exploit the  successful attack. Two days later, on April 24, the Germans again used chlorine gas against the Canadian troops deployed northeast of Ypres, gaining  ground but failing to achieve a decisive breakthrough.
The German press hailed Haber’s military innovation, but elsewhere in  Europe the use of chlorine at Ypres provoked outrage and condemnation.  The Allies claimed that the April 22 attack had killed 5,000 troops—a  number grossly inflated for propaganda purposes—and branded it a flagrant violation of international law. Germany defended its actions in legalistic terms, arguing that the Hague gas-projectile declaration had banned  the use of specialized chemical shells but not the release of poison gases  from cylinders.
Although Haber’s contribution to the German war effort enhanced his  fame, it had tragic consequences for his personal life. His wife, Clara, was  a talented chemist in her own right, having been the first woman to earn  a doctorate in physical chemistry from the University of Breslau in 1900.  But she had been denied a scientific career and forced into the traditional  role of wife and mother, making her deeply unhappy and resentful. On  May 1, 1915, a few days after Haber’s return to Berlin from the Belgian  front, Clara confronted her husband over the gas attack at Ypres. A passionate antimilitarist, she was horrified by his development of chemical  weapons, which she considered a grotesque perversion of science. Haber  responded angrily, and a bitter argument ensued. Late that night, overcome  with despair, Clara shot herself through the heart with her husband’s army  pistol.
AFTER YPRES, THE military stalemate of trench warfare continued, but  now the taboo against the use of poison gas had been broken. Seeking to   avenge the German attacks, the British established special gas companies  under the command of Lieutenant Colonel Charles Foulkes. On the  evening of September 24, 1915, his men emplaced 5,500 cylinders of chlorine  along a 25-mile front around the Belgian town of Loos. At 5:20 the next  morning, the British released a mixture of chlorine gas and smoke from artificial smoke candles over the German lines for about forty minutes before  commencing an infantry assault. The wind shifted unexpectedly, however,  blowing the toxic cloud back toward the attackers and inflicting more  British casualties than German ones. Because of the difficulty of controlling  the poison gas released from cylinders, the British began using crude mortars called Livens projectors to deliver canisters filled with chlorine, reducing the warning of an attack to a few seconds. In 1916, both sides resorted to  heavy artillery to deliver specialized chemical shells. By then, the legal constraints in the Hague gas-projectile declaration had been completely swept  aside by “military necessity.”
As the war ground on, the combatants developed defenses against chemical attack. The initial protective measures were improvised and ineffective.  After the first German releases of chlorine, Allied troops were given motorcycle googles and cotton pads that they were told to soak in urine, which  partially neutralized chlorine, and hold over the mouth and nose until they  had escaped the poisonous cloud. A slightly improved method involved the  use of handkerchiefs or flannel socks dampened with a solution of bicarbonate of soda. Later, troops were issued crude gas masks and small box respirators, in which air was filtered through a canister filled with charcoal and  soda lime. Even so, soldiers who failed to don their masks in time were condemned to a cruel death, as the British poet Wilfred Owen vividly described  in his classic poem “Dulce et Decorum Est”:
Gas! GAS! Quick, boys!—An ecstasy of fumbling,
 Fitting the clumsy helmets just in time;
But someone still was yelling out and stumbling,
And flound’ring like a man in fire or lime . . .
Dim, through the misty panes and thick green light, 
As under a green sea, I saw him drowning.

In all my dreams, before my helpless sight,
He plunges at me, guttering, choking, drowning.

The development of improved chemical defenses was offset by the introduction of new poison gases of ever greater potency. In December 1915, the  Germans fired shells containing phosgene, a gas used in the dye industry  that was eighteen times more toxic than chlorine. Phosgene had a distinctive odor of new-mown hay, which soldiers quickly learned to recognize,  but because it was less irritating than chlorine and caused severe lung damage only after a delay of a few hours, troops could unwittingly inhale a lethal  dose before donning their gas masks. The French retaliated with phosgene  in February 1916.
Soon after the United States intervened in Europe in April 1917, the  American Expeditionary Force, led by General John J. Pershing, confronted  the horrors of gas warfare. Totally unprepared for this new threat, U.S. soldiers had to be issued gas masks by their British and French allies. At Pershing’s request, General Amos Fries organized the First Gas Regiment, which  developed defenses against German chemical attacks and conducted offensive gas, smoke, and incendiary operations on the western front. Once the  element of surprise had been lost and both sides were equipped with effective respirators, the number of chemical casualties declined sharply and   battlefield deaths from chlorine or phosgene became relatively rare. Unprotected noncombatants were not as fortunate, however. Although civilians  were not deliberately targeted by chemical attacks, the wind could carry the  toxic clouds as far as twenty miles behind the front lines, killing and injuring humans, livestock, and wildlife alike.
IN AN EFFORT to circumvent the Allied use of protective masks and respirators, Haber and his colleagues developed a new chemical warfare agent  that attacked the skin as well as the lungs. Called “mustard” because of its  sharp, garlicky odor, it was an oily liquid (first synthesized in 1860) that was  readily absorbed through the skin, giving rise after several hours to severe  chemical burns and blisters. In July 1917, once again at Ypres, the Germans  began firing mustard-filled shells containing an explosive burster charge  that shattered the liquid agent into a fine mist that was colorless or light yellow. Like phosgene, the effects of mustard were insidious: symptoms developed only after a delay of three to twenty-four hours (with a mean of ten to  twelve hours), so that troops often did not realize that they had been  exposed to the agent until it was too late.
The first symptom of mustard exposure was that it caused areas of bare  skin, such as the hands and neck, and sweaty regions, such as the groin and  buttocks, to turn crimson and begin to itch and burn. A day later, the reddish patches turned into massive blisters a few inches across, filled with a  watery fluid produced by the destruction of tissue. The weight of the fluid  separated the skin from the underlying flesh, causing excruciating pain.  When the blisters burst or were deliberately punctured to ease the torment,  they could easily become infected, creating large suppurating wounds that  required lengthy medical treatment. Although the inhalation of mustard  vapor was relatively uncommon, it caused severe inflammation of the lungs  and a slow, agonizing death by asphyxiation. Mustard soon became the  most dreaded of chemical weapons and was dubbed “the king of the war  gases.” Not only was it highly persistent, clinging to clothing and equipment and contaminating the battlefield for days or even weeks, but its ability to penetrate the skin forced troops to augment their respirators with  cumbersome oilskin capes, goggles, and leather or rubber garments. This  protective gear could be worn only for short periods, however, because it  caused heat stress and seriously impaired fighting efficiency.
Seeking the capability to retaliate with chemical weapons, the U.S. War  Department launched a crash effort to develop phosgene, mustard, and  other agents by employing large teams of chemists at the American University Experiment Station and the Catholic University in Washington, D.C.  The Ordnance Department also built manufacturing and filling plants for  mustard and phosgene at a military reservation on Gunpowder Neck, a  secluded, wooded peninsula jutting into Chesapeake Bay some twenty  miles northeast of Baltimore, Maryland. In May 1918, the laboratory at  American University was closed and moved to Gunpowder Reservation,  which was renamed Edgewood Arsenal and soon reported to the newly  established Chemical Warfare Service, headed by General Fries. Within several months of the United States’ intervention in Europe, about 10 percent  of all U.S. artillery shells had chemical fills.
The Allies began to retaliate with mustard in June 1918. One of the German gas casualties was an obscure lance corporal by the name of Adolf  Hitler, who served in the trenches as a messenger during the last major German offensive in the summer and fall of 1918. On the night of October  13–14, he was trapped on a hill near Werwick, just south of Ypres, by an  artillery barrage that lasted for several hours and included the use of   mustard-filled shells. Around midnight his eyes began to smart, and at  seven the next morning he delivered his last message, staggering through the  trenches as his vision dimmed. A few hours later, he recounted in  Mein  Kampf, “my eyes were transformed into glowing coals and the world had  grown dark around me.” Temporarily blinded, Hitler was evacuated to a  military hospital in Pasewalk, near the city of Stettin in the eastern German  province of Pomerania. He was still there, recovering from his eye injury,  when the war ended with Germany’s capitulation and the armistice of  November 11, 1918. Although Hitler later recovered fully, he retained a  deeply traumatic memory of the experience.
By the time the Great War came to an end, the major combatants had  employed more than 124,000 metric tons of 21 different toxic agents, delivered primarily by some 66 million artillery shells. Chemical weapons had  inflicted roughly one million casualties on all sides, of which an estimated  90,000 had been fatal, and many of the survivors had been left blind or  chronically disabled. The Russian forces on the eastern front had suffered  the greatest number of chemical casualties—approximately 425,000, of  which about 56,000 were fatal—because of their lack of training and protective equipment. The American Expeditionary Force was also disproportionately affected. Chemical weapons accounted for 26.8 percent of the  roughly 272,000 U.S. injuries and deaths, although only 2 percent of the  chemical casualties were fatal.
IN 1919, IN the aftermath of the war, General Fries launched a public relations campaign to prevent the Chemical Warfare Service (CWS) from being  disbanded. He and a colleague published a book in which they argued:
[C]hemical warfare is an agency that must not only be reckoned with by  every civilized nation in the future, but is one which civilized nations  should not hesitate to use. When properly safe-guarded with masks and  other safety devices, it gives to the most scientific and most ingenious  people a great advantage over the less scientific and less ingenious. Then  why should the United States or any other highly civilized country consider giving up chemical warfare? . . . It is just as sportsman-like to fight  with chemical warfare materials as it is to fight with machine guns.
General Fries cultivated the support of chemical manufacturers, trade  associations, and the American Chemical Society, and he gave speeches,  wrote articles, and lobbied Congress to preserve the Chemical Warfare Service. The fruit of his tireless efforts was the National Defense Act of 1920,  which made the CWS a specialized branch of the Army with its own mission and staffing level—although not a guaranteed budget. When the permanent service was activated on July 1, 1920, Fries became its first peacetime  chief, and he remained in that position until his retirement in 1929.
Meanwhile, the horror and indiscriminate nature of gas warfare during  the Great War inspired the international community to attempt to ban or  control it. The 1919 Treaty of Versailles prohibited Germany from using  toxic chemicals in war and from manufacturing or importing asphyxiating  or poisonous gases and liquids. In 1921–22, representatives of the five major  allied powers (Britain, France, Italy, Japan, and the United States) met in  Washington, D.C., for a Conference on the Limitation of Armament.  These states negotiated and signed a Treaty Relating to the Use of Submarines and Noxious Gases in Warfare, which outlawed “the use in war of  asphyxiating, poisonous and other gases and all analogous liquids, materials  or devices.” Although the U.S. Senate ratified the treaty, French objections  to the provisions on submarines prevented the agreement from entering  into force.
The next opportunity to control chemical warfare arose in 1925 at the  Conference for the Supervision of the International Trade in Arms and  Ammunition and in Implements of War, convened by the League of  Nations in Geneva. Although the United States proposed banning all trade  in chemical weapons, other countries objected that such a ban would discriminate against states that did not manufacture chemical arms. Instead,  the contracting parties agreed to outlaw the use in war of chemical (and  bacteriological) weapons, but not their production and stockpiling. On  June 17, 1925, the League of Nations adopted a treaty to this effect called the  Protocol on the Prohibition of the Use in War of Asphyxiating, Poisonous  or Other Gases, and of Bacteriological Methods of Warfare, better known as  the Geneva Protocol.
Although the White House supported the Geneva Protocol and sought  its ratification by the Senate, in 1926 General Fries organized a coalition of  veterans’ groups, chemical manufacturers, and the American Chemical   Society to lobby vigorously against the treaty. As a result, the Geneva Protocol  remained bottled up in the Senate Foreign Relations Committee and was  never released for a vote on the Senate floor. (Indeed, the United States  would not ratify the treaty for another fifty years.) Over the next decade,  however, the Geneva Protocol was ratified by some forty countries, including  all of the great powers except Japan and the United States, establishing an  important international legal norm against chemical and biological warfare.
Meanwhile, Germany was secretly pursuing a clandestine military  buildup in violation of the Treaty of Versailles, including the restoration of  a chemical warfare capability. Because World War I had left Germany  humiliated and the Soviet Union isolated and weak, it was not surprising  that the two countries would decide to collaborate in rebuilding their  respective armed forces. Under the Rapallo Treaty of April 1922, the Reichswehr and the Red Army negotiated a military cooperation agreement that  called for the establishment of German military bases on Soviet soil and the  conduct of joint military exercises. Covert elements of the accord included  research and development on armor, aviation, and chemical warfare.
In 1928, the Red Army and the German Reichswehr launched a top-secret program of chemical weapons development and testing at a site west  of Volsk, in the Samara region of Russia. Code-named “Tomka,” the proving ground was situated on a flat plain near the Volga River, surrounded by  low mountain ranges. For the next five years, twenty-nine Germans (six  chemists and engineers, plus pilots, mechanics, and laborers) worked alongside a larger number of Soviet staff, conducting open-air trials of mustard  gas and other chemical agents in six-month campaigns, from May to October. In 1932, however, the Reichswehr decided that this would be their final  cooperative venture with the Red Army. Not only was the joint testing program too expensive, but most of the activities carried out in Soviet Russia  could now be done in Germany. In addition, after the appointment of  Adolf Hitler, the leader of the National Socialist Workers Party, as chancellor of Germany on January 30, 1933, relations with Moscow rapidly soured.  In September 1933, the German staff left Tomka for good and shipped their  chemical testing equipment back into the Reich.
WITH HITLER’S RISE to power, Fritz Haber’s life took another sad turn.  Despite the distinction of winning the 1918 Nobel Prize in Chemistry   (awarded in 1919) for the synthesis of ammonia, his work on chemical  weapons had caused him to be shunned by the foreign scientific community. Now he faced a similar fate at the hands of his own countrymen. The  Nazi regime moved quickly to purge Jews from the universities, and all Jewish scientists at the Kaiser Wilhelm Institute were forced to resign. Because  Haber was a prominent figure and a war veteran, he was not immediately  threatened, but he soon realized that he could not escape his ethnic heritage  and would have to emigrate. Rejection and exile from the country he loved  deeply left him a broken man. He accepted a position at the University of  Cambridge, but the damp English climate depressed him and he developed  a serious illness. He was en route to Switzerland to convalesce when he died  suddenly in Basel on January 29, 1934, at the age of sixty-five.
Haber had argued that chemical warfare was more humane than blast or  flame and would serve to shorten wars and save lives. Although the terrible  suffering of gas victims had proved him wrong, some military strategists  believed that chemical weapons had been tactically effective on the battlefield and might prove decisive in future conflicts. Accordingly, many countries that signed and ratified the Geneva Protocol reserved the right to use  chemical weapons against states that were not among the contracting parties, or to retaliate in kind if an enemy used chemical weapons first. Once  governments had claimed the option of retaliation, they found it necessary  to continue research and development on chemical warfare agents and, in  many cases, to produce and stockpile them as a deterrent, increasing the  likelihood that the weapons would someday be used.

CHAPTER TWO
IG FARBEN
WEARING A STAINED white coat that hung below his knees, Dr. Gerhard  Schrader surveyed the insecticide development laboratory, where his team  of industrial chemists was performing the modern alchemy of organic synthesis. Sitting at benches with their hands inserted into fume hoods, they  mixed and processed solutions in gleaming assemblies of blown glass. Their  silent work was accompanied by the hiss of boiling water and the hum of  exhaust fans venting noxious gases into the winter air.
The date was December 23, 1936. On the wall facing the laboratory  benches was a large framed photograph of German Chancellor Adolf Hitler  in heroic profile. The row of dusty windows looked out on the snow-covered brick buildings and fuming smokestacks of the Interessengemeinschaft (IG) Farben chemical complex in Leverkusen, north of Cologne. IG  Farben was the world’s largest corporation, having been created in 1925 from  the merger of Germany’s six largest chemical concerns, including BASF,  Bayer, Hoechst, and Agfa. Headquartered in Frankfurt, it had a net worth  of $2.5 billion, a workforce of about 200,000, and scores of research and  production facilities across the Reich that were involved in every branch of  industrial chemistry, from nitrogen fertilizers, gasoline, mineral oils, and  dyestuffs to pharmaceuticals, photographic chemicals, and artificial fibers.
At Schrader’s bench, a round-bottom flask immersed in a hot-water bath  gave off a ribbon of steam into a condenser tube, which distilled the reaction product into drops of clear, colorless liquid. As always, he felt a pleasant tingle of anticipation as a new substance emerged from the synthetic   process. Schrader, thirty-three, had a pale moon face, shrewd eyes framed by  oversized glasses, dark hair slicked over a broad forehead, prominent cheeks,  and a wide, amiable mouth. His personality was ideally suited to research,  combining imagination and cleverness with an equal measure of determination and dogged persistence.
Schrader had grown up in a religious Protestant home and had enjoyed  a sheltered and pleasant childhood. In October 1928, after completing his  doctoral degree in chemical engineering at the University of Braunschweig,  he had joined the research staff at the Bayer Company, a subsidiary of IG  Farben. Although he had specialized in inorganic chemistry in graduate  school, his work at Bayer focused exclusively on organic (carbon-based)  compounds. Despite his young age, he was put in charge of a dyestuffs  development laboratory at the company branch in Elberfeld, a town in the  industrial Ruhr Valley. The year 1928 was eventful for Schrader in other  ways as well. Around Christmastime, he became engaged to Gertrud  Ahlers. They married in early 1929, and a year later his first daughter,  Wiebke, was born.
After spending just two years at Elberfeld, Schrader was transferred to  the main Bayer research laboratory in Leverkusen to work on naphthol  dyes. In 1934, when the young Otto Bayer took over the leadership of the  research department, he gave Schrader a new assignment, as head of the  plant-protection group. Meanwhile, Schrader had purchased a house with a  large garden in the village of Lützenkirchen. After a long day in the laboratory, he enjoyed relaxing after work in his rural idyll, surrounded by berries,  fruit, vegetables, and free-roaming chickens. It was there, in April 1935, that  his second daughter, Kristin, was born.
At Leverkusen, Schrader dove into the new field of synthetic pesticides  with energy and enthusiasm. Beginning in 1933, the German Reich had  sought to reduce its dependence on food imports, and the loss of the large  territories in the East after World War I meant that the size of the grain harvest had to be expanded considerably. To improve crop yields, the German  Reich had purchased 30 million marks’ worth of pesticides from overseas,  and it now sought industry’s assistance in developing a cheaper domestic  alternative. Otto Bayer gave Schrader’s plant-protection group the task of  developing a nonflammable fumigant that could destroy weevils in grain  silos, as well as fleas in ships and living rooms. A huge potential market   existed for such products because the main fumigants then in common use,  ethylene oxide and methyl formate, could cause explosions in silos and  other confined spaces.
Schrader was aware that organic compounds containing the element  fluorine were generally toxic, making them good candidates for new insecticides. He therefore began to introduce fluorine into a wide variety of  organic molecules. As Schrader and his team synthesized one new substance  after another, he provided samples to Dr. Hans Kükenthal, a biologist at  Leverkusen, who tested them for insecticidal activity.
The first set of compounds to emerge from Schrader’s lab had a strong  irritant effect on the eyes and the lungs, making them of no practical value  as insecticides. He therefore moved on to organic compounds containing  atoms of fluorine and sulfur. One such molecule appeared to be an effective  fumigant against insect pests, but further testing showed that it was  absorbed by the treated grain, rendering the food unfit for human consumption. When Schrader tried to exploit this defect by developing the  toxic grain as a rat poison, he found that the absorbed chemical gradually  evaporated, reducing the grain’s toxicity over time. Once again, a promising  line of research had led to a dead end.
Undaunted by these setbacks, Schrader and his coworkers continued  their systematic synthesis of new carbon compounds containing sulfur as  the central atom. Although many of these chemicals were toxic to insects,  none met the standards of safety and stability required of a commercial  insecticide. Schrader next decided to work on molecules containing phosphorus, the element next to sulfur in the periodic table. Because the two elements had similar chemical properties, he reasoned that compounds  containing phosphorus might also be toxic to insects. In making this intuitive leap, Schrader also drew on the earlier work of chemist Willy Lange  and his student Gerda von Krüger at the University of Berlin. In 1932,  Lange and Krüger had synthesized some phosphorus-containing organic  compounds that appeared to offer promise as insecticides. In 1935, however, Lange was forced to leave academia because he had a Jewish wife.
Schrader and his team proceeded to synthesize a series of organic molecules consisting of a central phosphorus atom with four bonds extending  out from it like arms, each holding a different atom or cluster of atoms. One  of these “organophosphate” compounds showed promising insecticidal  activity: a water solution containing only 0.2 percent of the substance,   sprayed on leaf lice, killed all of the insects on contact. IG Farben management considered the new compound sufficiently promising to patent it in  Germany, the United States, England, and Switzerland.
Schrader and his team spent the next year searching for a more potent  version of this molecule by synthesizing hundreds of structural variants,   or “analogues,” which were then screened for insecticidal activity. The  researchers discarded all analogues that had low potency, were chemically  unstable, gave poor synthetic yields, or required ingredients that were not  available in sufficient quantities. This method of systematic trial and error  was extremely labor-intensive.
Because cyanide—a carbon atom bound to a nitrogen atom—was a poison in its own right, Schrader decided to incorporate it into the structure of  the phosphorus compound. After performing the initial synthesis in  November 1936, he began to experience some highly unpleasant physiological effects, including headache, poor concentration, and shortness of  breath. He also noticed a marked dimming of his visual field and difficulty  with visual accommodation, the process of adjusting focus from a close  object to a distant one. The visual impairment worsened until it became  impossible for him to read under an electric lamp.
As Schrader drove home one evening to Lützenkirchen in his black-and-yellow Hanomag sedan, his vision had dimmed to the point that he could  barely make out the road in front of him. His head throbbed and he   felt painfully short of breath, with a feeling of pressure in his larynx.   After reaching the house with great difficulty, he examined his eyes in a   mirror and discovered that his pupils had constricted to pinpoints, giving him an eerie, zombielike appearance. Alarmed but intrigued by this  phenomenon—the scientist in him was ever present—he discovered that  his pupils failed to dilate in response to low light. Over the next few days,  Schrader’s symptoms worsened and he had to spend two weeks in the hospital before his vision recovered fully. After his release, he spent another  eight days recuperating at his parents’ home.
Returning to the laboratory shortly before Christmas, Schrader resumed  work on the cyanide-containing compound. On December 23, 1936, the  synthesis and purification process was nearing completion. Distillation of  the final product yielded a clear, colorless liquid with a faint scent of apples,  which Schrader termed Preparation 9/91. He gave a small sample of the substance to Dr. Kükenthal, who found that an extremely dilute solution—one   part in 200,000—killed 100 percent of leaf lice on contact. Preparation 9/91  was a hundred times more potent than the original compound, and far more  effective than anything Schrader’s research group had developed before.
It also became clear that the highly unpleasant symptoms Schrader had  experienced in November had been caused by exposure to the new substance. Although its mild, fruity odor made it seem benign, Schrader and  his assistant Karl Küpper discovered upon further investigation (now carried out with extreme caution) that inhaling fumes from even a tiny drop,  spilled by accident on the laboratory bench, gave rise in minutes to a cluster  of striking physiological effects: strong irritation of the cornea, marked  dimming of the visual field, and an oppressive feeling of tightness in the  chest, as if a band were being constricted around it. Staying away from the  lab for a few days and breathing fresh air caused most of the symptoms to  vanish, although the impaired vision recovered only gradually.
As soon as Schrader and Küpper resumed work with Preparation 9/91 in  January 1937, however, the unpleasant symptoms returned. Indeed, the two  chemists had become hypersensitive, so that even the slightest whiff of the  substance provoked the same array of symptoms. Küpper became agitated  and feared he was losing his sight, and Schrader also worried that they were  being slowly poisoned. This time they were forced to suspend their work in  the laboratory for more than two weeks.
Intrigued by the powerful physiological effects of “this new and interesting substance,” Schrader sent a letter on February 5, 1937, to Professor Eberhard Gross, the director of industrial hygiene at IG Elberfeld. At Gross’s  request, he sent a sample of Preparation 9/91 for toxicological testing. Meanwhile, Schrader continued to synthesize additional variants of the cyanide  compound, and in March he and Kükenthal applied for a patent on this  new class of insecticide.
In early May, Schrader received a lengthy report from Dr. Gross on the  toxicity of Preparation 9/91 in mice, guinea pigs, rabbits, cats, dogs, and  apes. Gross had renamed the compound Le-100, “Le” being an abbreviation  for Leverkusen. In the experiments on apes, which are physiologically closest to humans, injecting as little as a tenth of a milligram of Le-100 per kilogram of body weight had given rise to dramatic toxic effects, including  nausea, vomiting, constriction of the pupils and the bronchial tubes of the  lungs, copious drooling and sweating, abdominal cramps, diarrhea, muscular twitching, gasping for air, violent convulsions, slowing of respiration and   heartbeat, and finally paralysis of the breathing muscles, culminating in  death.
Dr. Gross’s laboratory also had a hundred-cubic-meter gas chamber suitable for inhalation experiments with large primates. It was made of glass  and concrete bricks that were coated with rubber to permit a thorough  cleaning. For security reasons, the gas chamber was accessible only through  doors on the second and third floors of the laboratory, which were kept  locked at all times. Gross had utilized the gas chamber to expose apes to Le-100 vapors at a concentration of 25 milligrams per cubic meter. After inhaling the vapor, all of the animals had convulsed and died in a time interval  ranging from sixteen to twenty-five minutes.
Schrader was disappointed by the toxicology results because Le-100 was  far too poisonous to warm-blooded animals to be marketed as a commercial  insecticide. Nevertheless, IG Farben brought the new compound to the  attention of the German government. According to an official Reich ordinance of 1935, all new discoveries and patents of potential military significance were to be reported to the War Office, which was empowered to  classify any invention that might be useful for the nation’s defense. Toxic  industrial chemicals were of interest as chemical warfare agents, particularly  since August 1936, when Hitler had ordered the armed forces (Wehrmacht)  to prepare for war by 1940. German companies had already submitted more  than a hundred compounds for evaluation.
A few influential figures within the Wehrmacht and the chemical industry viewed poison gas as a militarily “decisive” weapon. They noted that  Benito Mussolini had employed chemical weapons extensively in 1935 and  1936 during the Italian conquest of Abyssinia (Ethiopia), using aircraft to  drop mustard-filled bombs on Emperor Haile Selassie’s army. Most of the  Abyssinian fighters had been barefoot tribesmen lacking gas masks and protective clothing, making them extremely vulnerable to mustard. Although  the chemical attacks had been a flagrant violation of the 1925 Geneva Protocol, to which Italy was a party, the League of Nations had done nothing to  stop them.
Among the leading German proponents of chemical warfare was Dr.  Heinrich Hörlein, the director of pharmaceutical research at IG Elberfeld.  A physician by training, he had been involved in developing poison gases  since 1933 and routinely advised the German Army on technical matters.  After reading Dr. Gross’s report on the mammalian toxicity of Le-100, Dr.   Hörlein forwarded a copy to the Army Ordnance Office (Heereswaffenamt), which was responsible for the development, testing, production, and  procurement of land weapons.
Within the Army Ordnance Office, the Weapons Development and  Testing Department (Waffenprüfamt) was organized into several divisions.  Division 9 (Wa Prüf 9), headquartered in the Charlottenburg district of  Berlin and directed by Lieutenant-Colonel Dr. Kurt Rüdiger, specialized in  the development and testing of chemical warfare agents, munitions, and  protective equipment. In April 1937, Dr. Leopold von Sicherer, a senior official in Division 9, read Gross’s report on Le-100 and, intrigued, requested a  demonstration of the new compound. A few days later, Sicherer visited  Gross’s laboratory at Elberfeld, accompanied by Dr. Wolfgang Wirth, a specialist in pharmacology and toxicology at the Army Ordnance Office who  had earlier worked at Tomka.
Dr. Gross demonstrated the effects of vaporized Le-100 on caged laboratory mice. Whereas standard chemical warfare agents such as phosgene and  mustard took several hours to kill, exposure to small amounts of the new  compound caused mice to go into convulsions and die within twenty minutes. Sicherer and Wirth concluded that Le-100 was a “remarkable compound” with great military potential. In early May, not long after the  demonstration at Elberfeld, they invited Schrader to Berlin to demonstrate  the synthesis of Le-100.
THE GERMAN ARMY’S Gas Protection Laboratory (Heeresgasschutzlaboratorium) was housed in Spandau Citadel, a brick fortress perched on a small  island at the junction of the Havel and Spree Rivers in northwest Berlin.  Although only the crenellated Julius Tower remained from the original  structure, which had been built around 1200, the fortress had been greatly  enlarged during the sixteenth century. Its layout was that of a square keep,  with the four corners shielded by massive stone bastions in the form of  arrowheads. One side of the citadel abutted the river, while the other three  walls were surrounded by a moat covered with lily pads.
The name of the Army Gas Protection Laboratory was deliberately misleading. In fact, the roughly three hundred scientists and technicians  worked not only on chemical warfare defense but also on the development   of new agents and production methods. To accommodate the necessary  facilities and equipment, numerous renovations had been made to the historical buildings inside the Citadel and four large new structures had been  erected. The area beyond the entrance gate and the administration building  was a military zone that was restricted and secured by an additional fence.  Building 4, near the west curtain wall, contained a technical library and laboratories for the analysis and synthesis of chemical warfare agents; Building  6 was for work on chemical munitions and the development and testing of  protective equipment; Building 8 contained pilot plants for producing up  to 50 kilograms of agents for testing purposes; Building 14 did studies on the  aerosolization of liquid agents; Building 15 was the human medical department and the staff clinic; and Building 15A housed the toxicological institute, which performed testing on a wide variety of experimental animals.  The historical Armory (Zeughaus) was where manufacturing processes for  chemical warfare agents were developed, and munitions testing took place  in two explosive test chambers built of reinforced concrete next to the north  curtain wall.
Schrader passed through a guard post and then crossed a bridge over the  moat that led to the main gate. At the headquarters building, an officer  checked his identity papers and escorted him to his appointment in Building 4. Much to Schrader’s relief, the officers at Spandau wore army drab  rather than the intimidating black uniforms of the Schutzstaffel (SS). Present at the meeting were Dr. Sicherer and Lieutenant-Colonel Rüdiger of  Division 9 and Dr. Hans-Jurgen von der Linde, the chief of the Army Gas  Protection Laboratory. After introductions had been made, Schrader  described the properties of Le-100 and its remarkable physiological effects.
The Army scientists were deeply impressed by the potency of Le-100.  One of them said that the new poison was “taboo” (tabu in German),  meaning that it was too strong, and as a result it was named “Tabun.”  Schrader had discovered accidentally what many others had tried to  develop deliberately. From 1925 to 1931, the Reichswehr had funded chemical weapons research at twelve German universities and institutes. Later,  Army chemists at Spandau had searched the technical literature and pending industrial patents for references to highly poisonous compounds. Yet  no substance had been identified that even approached the toxicity of  Tabun.
Dr. Sicherer decided that the IG Farben patent for Tabun would henceforth be
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