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Medical Aspects of Chemical and Biological Warfare

INTRODUCTION

Webster’s Ninth New Collegiate Dictionary defines
the term “chemical warfare,” first used in 1917,
as “tactical warfare using incendiary mixtures,
smokes, or irritant, burning, poisonous, or asphyx-
iating gases.” A working definition of a chem-
ical agent is “a chemical which is intended for
use in military operations to kill, seriously injure,
or incapacitate man because of its physiological
effects. Excluded from consideration are riot con-
trol agents, chemical herbicides and smoke
and flame materials.”'®Y Chemical agents were
usually divided into five categories: nerve agents,
vesicants, choking agents, blood agents, and
incapacitants.

Webster’s dictionary likewise defines “biological
warfare” as “warfare involving the use of living
organisms (as disease germs) or their toxic prod-
ucts against men, animals, or plants.” A working
definition of a biological agent is “a microorgan-
ism (or a toxin derived from it) which causes dis-
ease in man, plants or animals or causes deteriora-
tion of material.”*?""" Biological warfare agents
were normally divided into three categories: anti-
personnel, antianimal, and antiplant.

Prior to World War I, the United States had little
knowledge about the potential of chemical and bio-
logical warfare. Particularly in terms of preparing
soldiers for future wars, the possibility of chemical

or biological warfare went virtually unnoticed by
the U.S. Army. By the end of World War I, the situ-
ation had drastically changed. Chemical warfare
had been used against and by American soldiers
on the battlefield. Biological warfare had been used
covertly on several fronts. In an effort to determine
what had gone wrong with their planning and train-
ing, U.S. Army officers prepared a history of chemi-
cal and biological warfare. To their surprise, they
found numerous documented cases of chemical and
biological agents having been used or proposed to
influence the outcome of a battle or campaign. In
addition, they discovered that the technology to
protect against chemical and biological agents al-
ready existed, and, in some cases, was superior to
the equipment used during the war. In hindsight,
these officers realized that the army had failed to
recognize and prepare for these two already exist-
ing types of warfare.

[This chapter focuses primarily on the develop-
ment of chemical and biological weapons and coun-
termeasures to them, thus setting the stage for
Chapter 3, Historical Aspects of Medical Defense
Against Chemical Warfare, which concentrates on
medical aspects of chemical warfare. To avoid ex-
cessive duplication of material, protective equip-
ment of the modern era is illustrated in Chapter 16,
Chemical Defense Equipment.—Eds.]

PRE-WORLD WAR I DEVELOPMENTS

The chemical agents first used in combat during
World War I were, for the most part, not recent dis-
coveries. Most were 18th- and 19th-century discov-
eries. For example, Carl Scheele, a Swedish chem-
ist, was credited with the discovery of chlorine in
1774. He also determined the properties and com-
position of hydrogen cyanide in 1782. Comte
Claude Louis Berthollet, a French chemist, synthe-
sized cyanogen chloride in 1802. Sir Humphry
Davy, a British chemist, synthesized phosgene in
1812. Dichloroethylsulfide (commonly known as
mustard agent) was synthesized in 1822, again in
1854, and finally fully identified by Victor Meyer
in 1886. John Stenhouse, a Scotch chemist and in-
ventor, synthesized chloropicrin in 1848.°

Many biological agents were naturally occurring
diseases thousands of years old. Others were gen-
erally discovered or recognized in the 19th and 20th
centuries. For example, plague was recognized
about 3,000 years ago. Smallpox was known in
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China as early as 1122 Bc. Yellow fever was first
described in the 1600s. Carlos Finlay, a Cuban
biologist, identified mosquitoes as the primary
carrier of yellow fever in 1881, while Walter Reed,
a U.S. Army physician, proved the agent to be a vi-
rus. Casimir-Joseph Davaine isolated the causative
organism of anthrax in 1863, followed by Robert
Koch, a German scientist, who obtained a pure cul-
ture of anthrax in 1876. Koch also discovered the
causative agent for cholera in 1883. Rocky Moun-
tain spotted fever was first recognized in 1873;
Howard T. Ricketts, an American pathologist,
discovered the causative agent in 1907. Ricketts
also identified the causative organism of typhus in
1909. F. Loffler and W. Schutz identified glanders
in 1882. Sir David Bruce, a British pathologist, dis-
covered the causative organism of brucellosis (it
was named after him) in 1887. Ricin toxin was iden-
tified in 1889. Tularemia was first described in
Tulare County, California (after which it was
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named), in 1911, and the causative agent was iden-
tified the next year.’

Early Chemical Weaponization Proposals and Usage

There are numerous examples of chemical weap-
ons used or proposed during the course of a cam-
paign or battle. The Chinese used arsenical smokes
as early as 1000 Bc. Solon of Athens put hellebore
roots in the drinking water of Kirrha in 600 BC. In
429 and 424 Bc, the Spartans and their allies used
noxious smoke and flame against Athenian-allied
cities during the Peloponnesian War. About 200 Bc,
the Carthaginians used Mandrake root left in wine
to sedate the enemy. The Chinese designed stink
bombs of poisonous smoke and shrapnel, along
with a chemical mortar that fired cast-iron stink
shells. Toxic smoke projectiles were designed and
used during the Thirty Years War. Leonardo da Vinci
proposed a powder of sulfide of arsenic and verdi-
gris in the 15th century.?

During the Crimean War, there were several pro-
posals to initiate chemical warfare to assist the Al-
lies, particularly to solve the stalemate during the
siege of Sevastopol. In 1854, Lyon Playfair, a Brit-
ish chemist, proposed a cacodyl cyanide artillery
shell for use primarily against enemy ships. The
British Ordnance Department rejected the proposal
as “bad a mode of warfare as poisoning the wells
of the enemy.”*?? Playfair’s response outlined a
different concept, which was used to justify chemi-
cal warfare into the next century:

There was no sense in this objection. It is consid-
ered a legitimate mode of warfare to fill shells with
molten metal which scatters among the enemy, and
produced the most frightful modes of death. Why
a poisonous vapor which would kill men without
suffering is to be considered illegitimate warfare
is incomprehensible. War is destruction, and the
more destructive it can be made with the least suf-
fering the sooner will be ended that barbarous
method of protecting national rights. No doubt in
time chemistry will be used to lessen the suffering
of combatants, and even of criminals condemned
to death.*PP2223)

There were other proposals for chemical warfare
during the Crimean War, but none were approved.

During the American Civil War, John Doughty, a
New York City school teacher, was one of the first
to propose the use of chlorine as a chemical warfare
agent. He envisioned a 10-in. artillery shell filled with
2to 3 qt of liquid chlorine that, when released, would
produce many cubic feet of chlorine gas.

If the shell should explode over the heads of the
enemy, the gas would, by its great specific gravity,
rapidly fall to the ground: the men could not dodge
it, and their first intimation of its presence would
be by its inhalation, which would most effectually
disqualify every man for service that was within
the circle of its influence; rendering the disarming
and capturing of them as certain as though both
their legs were broken.”®?”

As to the moral question of using chemical weap-
ons, he echoed the sentiments of Lyon Playfair a
decade earlier:

As to the moral question involved in its introduc-
tion, I have, after watching the progress of events
during the last eight months with reference to it,
arrived at the somewhat paradoxical conclusion,
that its introduction would very much lessen the
sanguinary character of the battlefield, and at the
same time render conflicts more decisive in their
results.”P%

Doughty’s plan was apparently never acted
on, as it was probably presented to Brigadier Gen-
eral James W. Ripley, Chief of Ordnance, who
was described as being congenitally immune to
new ideas.” A less-practical concept, proposed the
same year by Joseph Lott, was to fill a hand-pumped
fire engine with chloroform to spray on enemy
troops.’

The 1864 siege of Petersburg, Virginia, generated
several chemical warfare proposals. Forrest Shep-
herd proposed mixing hydrochloric and sulfuric
acids to create a toxic cloud to defeat the Confeder-
ates defending Petersburg.’ Lieutenant Colonel
William W. Blackford, a Confederate engineer, de-
signed a sulfur cartridge for use as a counter-
tunnelling device.” The Confederates also consid-
ered using Chinese stink bombs against the Union
troops. Elsewhere, the same year, Union Army Cap-
tain E. C. Boynton proposed using a cacodyl glass
grenade for ship-to-ship fighting.” Other than pos-
sibly Blackford’s cartridge, none of the proposals
were used on the battlefield.

Two wars at the turn of the century also saw lim-
ited use of chemical weapons. During the Boer War,
British troops fired picric acid—filled shells, al-
though to little effect.® During the Russo—Japanese
War, which was closely observed by those who
would plan World War I, Japanese soldiers threw
arsenal rag torches into Russian trenches.’

In 1887, the Germans apparently considered us-
ing lacrimators (tear agents) for military purposes.
The French also began a rudimentary chemical war-
fare program with the development of a tear gas
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grenade containing ethyl bromoacetate, and propos-
als to fill artillery shells with chloropicrin.’

Early Biological Warfare Proposals and Usage

There were many examples of proposed usage
or actual use of biological weapons on the battle-
field. Hannibal hurled venomous snakes onto
the enemy ships of Pergamus at Eurymedon in 190
BC. Scythian archers used arrows dipped in blood
and manure or decomposing bodies in 400 Bc. The
use of dead bodies as the carrier of the biological
agent proved particularly effective against
an enemy’s water supply. Barbarossa used this
tactic at the battle of Tortona in 1155. De Mussis, a
Mongol, catapulted bubonic plague-infected bod-
ies into Caffa in 1346. The Spanish tried wine in-
fected with leprosy patients” blood against the
French near Naples in 1495. One of the more unique
attempts at biological warfare was initiated in 1650
by Siemenowics, a Polish artillery general, who put
saliva from rabid dogs into hollow spheres for fir-
ing against his enemies. The Russians cast plague-
infected bodies into Swedish-held Reval, Estonia,
in 1710.

The proposed use of biological weapons was not
limited to Europe and Asia. In 1763, during
Pontiac’s Rebellion in New England, Colonel Henry
Bouquet, a British officer, proposed giving the In-
dians at Fort Pitt, Pennsylvania, blankets infected
with smallpox. The disease, whether purposely dis-
seminated or not, proved devastating to the Native
American population. A similar plan was executed
in 1785, when Tunisians threw plague-infected
clothing into La Calle, held by the Christians.

The 19th-century wars continued the same trend.
In 1861, Union troops advancing south into Mary-
land and other border states were warned not to
eat or drink anything provided by unknown civil-
ians for fear of being poisoned. Despite the warn-
ings, there were numerous cases where soldiers
thought they had been poisoned after eating or
drinking. Confederates retreating in Mississippi in
1863 left dead animals in wells and ponds to deny
water sources to the Union troops.

A more carefully planned use of biological weap-
ons was attempted by Dr. Luke Blackburn, a future
governor of Kentucky, who attempted to infect
clothing with smallpox and yellow fever and then
sell it to unsuspecting Union troops. At least one
Union officer’s obituary stated that he died of small-
pox attributed to Blackburn’s scheme. Yellow fever,
however, could not be transferred in this manner.
Since more soldiers died of disease during the Civil
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War than were killed on the battlefield, the effec-
tiveness of Blackburn’s work was difficult to judge.

Biological agents were also considered for
antianimal weapons during the 19th century. Louis
Pasteur, the French chemist and biologist usually
recognized for his humanitarian accomplishments,
also experimented with the use of salmonella as an
agent to exterminate rats. Others successfully used
chicken cholera to exterminate rabbits and dysen-
tery to kill grasshoppers.’

Early Protective Devices

Parallel to the development and use of chemical
and biological weapons was the design of protec-
tive equipment for use against toxic chemicals and
biological agents. Although conventional protective
masks started appearing in the 19th century, the
earliest recorded mask proposal was written by
Leonardo da Vinci in the 15th century. He envi-
sioned a fine cloth dipped in water for defense

Fig. 2-1. Theodore A. Hoffman patented this respirator
in 1866. It is representative of the already developing
protective mask designs of the post-American Civil War
era. Ironically, these masks were superior to the ad hoc
emergency masks used by the Allies after the Germans
began chemical warfare in World War I. Reprinted from
US Patent No. 58,255; 25 Sep 1866.
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against a sulfide of arsenic and verdigris powder
he was proposing for a toxic weapon."

The earliest known patent for a protective mask
in the United States was filed by Lewis P. Haslett in
1847. His design included a moistened woolen fab-
ric mask with an exhaust." Benjamin I. Lane’s
patent in 1850 included an air tank, goggles, and a
rubber nose piece.”” John Stenhouse developed a
velvet-lined copper mask with a charcoal filter in
1854. The same year, George Wilson, a professor of
technology at the University of Edinburgh, pro-
posed that the British Board of Ordnance issue char-
coal masks to soldiers to protect them from bombs
employing suffocating or poisonous vapors during
the Crimean War.”

Between the American Civil War and World War
I, there were numerous additional patents and de-
signs for protective devices that were used in in-
dustry, for fire fighting, and in mines. These in-
cluded an improved mask by Lane, which had a
rubber facepiece with an exhaust; Theodore A.
Hoffman’s mask, which was made of cotton with
an elastic border to protect against aerosols (Figure
2-1); Samuel Barton’s mask with a metal-and-rub-
ber facepiece, hood, goggles, and a charcoal filter;
and Charles A. Ash’s mask, which added an air sup-
ply for use by miners.’

Attempts to Control Chemical and Biological
Warfare

Most of the early attempts to control chemical
and biological warfare were bilateral or unilateral

agreements directed at the use of poisons. These
included the 1675 agreement between the French
and Germans, signed in Strassburg, to ban the use
of poison bullets, and U.S. Army General Order No.
100, issued in 1863 during the American Civil War,
which stated: “The use of poison in any manner, be
it to poison wells, or food, or arms, is wholly ex-
cluded from modern warfare.” *®%7

The first international attempt to control chemi-
cal and biological weapons occurred in 1874, when
the International Declaration Concerning the Laws
and Customs of War was signed in Brussels and
included a prohibition against poison or poisoned
arms. The First Hague Peace Conference in 1899 also
banned the use of poisons and was ratified by the
United States. However, a separate proposition
stated: “The contracting Powers agree to abstain
from the use of projectiles the sole object of which
is the diffusion of asphyxiating gasses.”"®%9 Al-
though 27 nations, including Germany, France, Rus-
sia, Austria-Hungary, and Great Britain, eventually
agreed to this additional statement, the United
States delegation declined to approve it.

Captain Alfred T. Mahan, a U.S. Navy delegate
plenipotentiary, gave three reasons for opposing the
additional restrictions: (1) currently used weapons
were despised as cruel and inhumane when first
introduced, (2) since there were no current chemi-
cal weapons stockpiles, it was too early to ban them,
and (3) chemical weapons were not any more inhu-
mane than any other weapon. The 1907 Second
Hague Peace Conference retained the ban against
poisons.”

WORLD WAR I

When Europe was caught up in the crises of 1914
after the murder of Archduke Francis Ferdinand at
Sarajevo and the declarations of war among Aus-
tria-Hungary, Serbia, Germany, France, Russia, and
Great Britain that followed within a month, few
observers expected the 19th-century chemical and
biological paper proposals to be transformed into
actual battlefield operations. The United States, re-
maining neutral under the policy of President
Woodrow Wilson, certainly made no preparations
for chemical and biological warfare.

Early Allied Chemical Warfare Plans

With the outbreak of hostilities, both the French
and the British apparently considered, investigated,
and tested various chemical weapons at home and
on the battlefield. During the German invasion of

Belgium and France, the French used their ethyl
bromoacetate grenades against the Germans, but
with no noticeable effect. Although the grenades
were considered of no military worth, the French
apparently continued to consider the further use of
tear agents against the Germans.

In the early stages of the war, the British exam-
ined their own chemical technology for battlefield
use. They initially investigated tear agents also but
later turned to more toxic chemicals. In January
1915, several chemists at Imperial College success-
fully demonstrated ethyl iodoacetate as a tear gas
to the War Office by gassing a representative.

Another officer suggested using sulfur di-
oxide as a chemical weapon. Field Marshal Lord
Kitchener, Secretary of State for War, was not inter-
ested in the concept for the army but suggested try-
ing the navy. At the Admiralty, the idea found a
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sympathetic ear in Winston Churchill in March
1915. The suggestion included a plan to use a sul-
fur dioxide cloud against the Germans, screen the
operation with smoke, and provide British troops a
gas-proof helmet. Churchill declined to accept the
sulfur dioxide plan but did put the officer in charge
of a committee the next month to discuss the use of
smoke on land and sea.’

German Chemical Warfare Plans

Possibly aware of the Allied interest in chemical
weapons, the Germans also examined their own
chemical technology for war applications. Their
strong dye industry and the technical knowledge
supplied by university professors in Berlin created
the right combination for pursuing the concept of
offensive chemical weapons. From the suggestion
of Professor Walther Nernst, a physical chemist at
the University of Berlin, or one of his colleagues,
the Germans filled 105-mm shells with dianisidine
chlorosulfate, a lung irritant, for use on the west-
ern front. To evade the 1899 international ban, the
Germans also put shrapnel in the shell so the “sole”
purpose was not gas dissemination.

On 27 October 1914, the Germans fired 3,000 of
these projectiles at the British near Neuve-Chapelle,
but with no visible effects. The explosive aspect of
the shells destroyed the chemical aspect. In fact, the
British were apparently unaware that they were the
victims of the first large-scale chemical projectile
attack.

The Germans continued researching chemical
shells, and by November 1914, Dr. Hans von
Tappen, assigned to the Heavy Artillery Depart-
ment, designed a 150-mm howitzer shell contain-
ing 7 Ib of xylyl bromide and a burster charge for
splinter effect (Figure 2-2). The Germans moved
these to the eastern front and experimented by fir-
ing more than 18,000 of the shells at Russian posi-
tions near Bolimov. In this case, the weather came
to the aid of the Russians by providing cold tem-
peratures that prevented the vaporization of the gas.
The Germans tried the same shells again on the
western front at Nieuport in March 1915 with
equally unsuccessful results.”'*'®

Ypres, April 1915: The First Successful German
Chemical Attack

The concept of creating a toxic gas cloud from
chemical cylinders was credited to Fritz Haber of
the Kaiser Wilhelm Physical Institute of Berlin in
late 1914. Owing to shortages of artillery shells,
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Fig. 2-2. The German 150-mm T-Shell, which mixed xylyl
bromide with an explosive charge. Note that the explo-
sive charge was in the front and the chemical agent in
the rear compartment. This design is similar to the one
proposed in 1862 by John Doughty during the American
Civil War (see Figure 3-1). Reprinted from Army War
College. German Methods of Offense. Vol 1. In: Gas War-
fare. Washington, DC: War Department; 1918: 59.

Haber thought a chemical gas cloud would negate
the enemy’s earthworks without the use of high
explosives. In addition, gas released directly from
its storage cylinder would cover a far broader area
than that dispersed from artillery shells. Haber se-
lected chlorine for the gas since it was abundant in
the German dye industry and would have no pro-
longed influence over the terrain.

On 10 March 1915, under the guidance of Haber,
Pioneer Regiment 35 placed 1,600 large and 4,130
small cylinders containing a total of 168 tons of chlo-
rine opposite the Allied troops defending Ypres,
Belgium. Haber also supplied the entire regiment
with Draeger oxygen breathing sets, used in mine
work, and a portion of the surrounding German
infantry with small pads coated with sodium thio-
sulfate. Once the cylinders were in place, the Ger-
mans then waited for the winds to shift to a west-
erly direction.”'*"

The Germans believed this means of attack,
nonprojectile, was still within the guidelines of the
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Hague ban and hoped the cylinders would produce
a potent cloud. The comments of General von
Deimling, commanding general of the German 15th
Corps in front of Ypres, written sometime after the
war, however, perhaps better reflect the reason for
initiating chemical warfare:

I must confess that the commission for poisoning
the enemy, just as one poisons rats, struck me as it
must any straight-forward soldier: it was repulsive
to me. If, however, these poison gases would lead
to the fall of Ypres, we would perhaps win a vic-
tory which might decide the entire war. In view of
such a high goal, personal susceptibilities had to
be silent.®®%

On 22 April 1915, the Germans released the gas
with mixed success. Initially, the Allied line simply
fell apart. This was despite the fact that the Allies
were aware of the pending gas attack, and British
airmen had actually spotted the gas cylinders in the
German trenches. The success of the attack was
more significant than the Germans expected, and
they were not ready to make significant gains de-
spite the breakthrough. In addition, fresh Allied
troops quickly restored a new line further back. The
Allies claimed that 5,000 troops were killed in the
attack, but this was probably an inflated number
for propaganda purposes.'®

The Germans used chlorine again at Ypres on 24
April 1915 and four more times during May 1915
(Figure 2-3). These additional attacks gained addi-
tional ground. As one British soldier stated:

Nobody appears to have realized the great danger
that was threatening, it being considered that the
enemy’s attempt would certainly fail and that
whatever gas reached our line could be easily
fanned away. No one felt in the slightest degree
uneasy, and the terrible effect of the gas came to us
as a great surprise.'”"?

Another observer, in reflecting about the attack
at Ypres and the first major use of chemical war-
fare, wrote: “The most stupendous change in warfare
since gunpowder was invented had come, and come
to stay. Let us not forget that.”??® Yet chemical
warfare failed to be decisive and the German attack
against Ypres was halted short of its objective.

Allied Chemical Warfare Retaliation

That same month, the British and the French be-
gan planning to retaliate with chemical weapons.
The Allied response to the chemical attacks evolved
into three general categories:

f
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Fig. 2-3. A typical German chemical cylinder set up and
ready for discharge. The discharge from thousands of
cylinders created the gas cloud. Reprinted from Army
War College. German Methods of Offense. Vol 1. In: Gas
Warfare. Washington, DC: War Department; 1918: 14.

—_

protective devices for the troops,

toxic gases of their own, and

3. weapons to deliver the toxic gases to the
enemy lines.

N

Shortly after the first chlorine attack, the Allies had
primitive emergency protective masks. In Septem-
ber, they launched their own chlorine attack against
the Germans at Loos (Figure 2-4). This initiated a

Fig. 2-4. A French cylinder attack on German trenches in
Flanders. The critical importance of the wind is appar-
ent. Condensation of water vapor caused the cloudlike
appearance of the gas. Photograph: Chemical and Bio-
logical Defense Command Historical Research and Re-
sponse Team, Aberdeen Proving Ground, Md.
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deadly competition to develop better protective
masks, more potent chemicals, and long-range de-
livery systems to more widely disperse the agents.
The Germans quickly escalated to phosgene to
replace the less-effective chlorine. In May 1916, the
Germans started using trichloromethyl chlorofor-
mate (diphosgene), while the French tried hydro-
gen cyanide 2 months later and cyanogen chloride
the same year. In July 1917, the Germans introduced
mustard agent to provide a persistent vesicant that
could attack the body in places not protected by gas
masks. To further complicate defensive actions, both
sides mixed agents and experimented with camou-
flage materials to prevent quick identification.?

German Biological Warfare Plans

While the German chemical warfare program
was extensively documented after the war, the Ger-
man use of biological weapons during World War I
unfortunately was poorly documented and much
debated. Apparently in 1915, the Germans initiated
covert biological warfare attacks against the Allies’
horses and cattle on both the western and the east-
ern fronts. In that year, they also allegedly used dis-
ease-producing bacteria to inoculate horses and
cattle leaving U.S. ports for shipment to the Allies.
Other attacks included a reported attempt to spread
plague in St. Petersburg, Russia, in 1915.*

The activities of German agents operating in the
United States in 1915 came to light after the war.
Erich von Steinmetz, a captain in the German navy,
entered the United States disguised as a woman.
He brought with him cultures of glanders to inocu-
late horses intended for the western front. After try-
ing unsuccessfully, he posed as a researcher and
took the cultures to a laboratory, where it was de-
termined the cultures were dead.

Anton Dilger was an American-educated surgeon
who specialized in wound surgery at Johns Hopkins
University, Baltimore, Maryland. After joining the
German army in 1914, he suffered a nervous break-
down and was sent to his parents” home in Virginia
since the United States was still neutral in the war.
At the request of the German government, he
brought along strains of anthrax and glanders to
begin a horse-inoculation program. With his brother
Carl, he set up a laboratory in a private house in
Chevy Chase, Maryland, to produce additional
quantities of the bacteria.

The bacteria from “Tony’s lab” were delivered
to Captain Frederick Hinsch, who was using a house
at the corner of Charles and Redwood Streets in
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Baltimore, Maryland. Hinsch inoculated horses in
Baltimore that were awaiting shipment to Europe.
Dilger also attempted to establish a second biologi-
cal warfare laboratory in St. Louis, Missouri, but
gave up after a cold winter killed the cultures. Al-
though the impact of these German agents’ activi-
ties was not determined, the year 1915 is consid-
ered to be the beginning of 20th-century antianimal
biological warfare.”

Additional biological attacks reportedly occurred
throughout the war. In 1916, a German agent with
intentions to spread a biological agent was arrested
in Russia. German agents also tried to infect horses
with glanders and cattle with anthrax in Bucharest
in 1916. In 1917, Germany was accused of poison-
ing wells in the Somme area with human corpses,
and dropping fruit, chocolate, and children’s toys
infected with lethal bacteria into Romanian cities.
German agents tried to infect horses with glanders
and cattle with anthrax in France. A more success-
ful attack was the infection of some 4,500 mules with
glanders by a German agent in Mesopotamia. An-
other reported attack was with cholera in Italy. A
1929 report also accused the Germans of dropping
bombs containing “plague” over British positions
during the war. Many of these reports were of ques-
tionable authenticity and were vehemently denied
by the Germans. As had happened during the
American Civil War, the rampant spread of natu-
rally occurring disease during World War I made
the impact of planned biological warfare attacks
impossible to determine.**!

Pre-War Interest in the United States in
Chemical Warfare

The production and use of offensive chemical
weapons in the European war did not go completely
unnoticed in the United States. The combination of
the use of chemical warfare at Ypres in April, fol-
lowed by the sinking of the Lusitania by a German
U-boat off the Irish coast on 7 May 1915, shocked
the nation. Americans began to take greater inter-
est in the nature of warfare taking place in Europe
and elsewhere. In May 1915, President Woodrow
Wilson proposed that Germany halt chemical war-
fare in exchange for the British ending their block-
ade of neutral ports. Germany (and Great Britain)
refused to comply.

Helpful suggestions from armchair scientists
proved to be of little help to the army. The Army
and Navy Register of 29 May 1915 contained the fol-
lowing report:
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Among the recommendations forwarded to the
Board of Ordnance and Fortifications there may be
found many suggestions in favor of the asphyxia-
tion process, mostly by the employment of gases
contained in bombs to be thrown within the lines
of the foe, with varying effects from peaceful slum-
ber to instant death. One ingenious person sug-
gested a bomb laden to its full capacity with snulff,
which should be so evenly and thoroughly distrib-
uted that the enemy would be convulsed with
sneezing, and in this period of paroxysm it would
be possible to creep up on him and capture him in
the throes of the convulsion.?®'?

By the fall of 1915, the War Department finally
became interested in providing American troops
with some form of a protective mask. By then, the
British already had the P helmet, a flannel bag
treated with sodium phenate and sodium hypo-
sulfite that fitted over the head and was effective
against chlorine and phosgene gases. The Germans
were slightly ahead with a rubberized facepiece,
unbreakable eyepieces, and a drum canister.”

In the United States, the mask project was as-
signed to the Army Medical Department. The Medi-
cal Department sent several medical officers to Eu-
rope as observers, but accomplished little else. Since
the United States was not at war, no particular em-
phasis was placed on the project. Ultimately, all
major participants in World War I attempted to de-
velop protective masks (Figure 2-5).

As relations with Germany declined over its un-
restricted use of submarines, the war overtones did
energize several key civilians in the U.S. govern-

ment. One, Van H. Manning, Director of Bureau of
Mines, Department of the Interior, called together
his division chiefs on 7 February 1917 to discuss
how they could assist the government if the coun-
try was drawn into war. At this meeting, George S.
Rice suggested that the bureau might turn its expe-
rience in mine gas and rescue apparatus toward the
investigation of war gases and masks.

The next day, Manning sent a letter to Dr. C. D.
Walcott, Chairman of the Military Committee of the
National Research Council (NRC), which had been
created the year before, offering the Bureau’s ser-
vices in creating a chemical warfare program for the
army. On 12 February 1917, Dr. Walcott replied to
Manning’s letter, stating that he would bring the
matter to the attention of the Military Committee.

Events, however, moved quicker than the
Military Committee. On 2 April 1917, President
Wilson addressed the U.S. Congress and called for
a declaration of war. The next day, the Military
Committee acted on Manning’s proposal and estab-
lished the Subcommittee on Noxious Gases under
the chairmanship of the director of the Bureau of
Mines, and to include ordnance and medical offic-
ers from both the army and the navy, as well as two
members of the Chemical Committee of the NRC.
Their mission was to investigate noxious gases, the
generation of chemical warfare agents, and the
discovery of antidotes for war purposes. Three
days later the United States declared war on
Germany when congress approved the president’s
request.'?

Fig. 2-5. A potpourri of World War I-vin-
tage protective masks. This extraordinary
photograph gives some indication of the
great effort made by the warring parties to
develop an effective and practical (and fre-
quently unsuccessful) defense against the
chemical warfare threat. Top row, left to
right: U.S. Navy Mark I mask; U.S. Navy
Mark Il mask; U.S. CE mask; U.S. RFK mask;
U.S. AT mask; U.S. KT mask; U.S. model
1919 mask. Middle row, left to right: British
Black Veil mask; British PH helmet; British
BR mask; French M2 mask; French artillery
mask; French ARS mask. Bottom row, left
to right: German mask; Russian mask; Ital-
ian mask; British Motor Corps mask; U.S.
Rear Area mask; U.S. Connell mask. Photo-
graph: Chemical and Biological Defense
Command Historical Research and Re-
sponse Team, Aberdeen Proving Ground, Md.
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The United States Organizes for Chemical
Warfare

The new Subcommittee on Toxic Gases got off to
a quick start. Within a short time, the subcommit-
tee began organizing research into chemical agents
at universities and industries across the nation,
while mobilizing a large portion of the chemists in
the country. This initial phase was the groundwork
that later led to the establishment of the Chemical
Warfare Service, the forerunner of the Chemical
Corps. Thus the country’s civilian scientists, engi-
neers, and chemistry professors rescued the army
from its unpreparedness for chemical warfare.

Eventually, the War Department also began to
plan for chemical warfare. The Medical Department
was assigned responsibility for chemical defense
and the Ordnance Department responsibility for
chemical munitions. The Corps of Engineers was
designated to provide engineers to employ the new
weapons. This diversified arrangement did not last
long.

When General John J. Pershing faced the task of
organizing the American Expeditionary Forces
(AEF) in France in the summer of 1917, he decided
to place responsibility for all phases of gas warfare
in a single military service, and he recommended
that the War Department at home do likewise. On 3
September 1917, the AEF established a centralized
Gas Service under the command of Lieutenant Colo-
nel Amos A. Fries.”* The new organization had
many hurdles to overcome. The troops had virtu-
ally no chemical warfare equipment of U.S. design
and relied on the British and French to supply
equipment from gas masks to munitions.

U.S. Troops Introduced to Chemical Warfare

Despite the Allied support, the U.S. Army was
not ready for chemical warfare. For example, on 26
February 1918, the Germans fired 150 to 250 phos-
gene and chloropicrin projectiles against the Ameri-
cans near Bois de Remieres, France. The first attack
occurred between 1:20 am and 1:30 am. There was a
blinding flash of light and then several seconds
elapsed before the projectiles reached their target.
Some exploded in the air and others on the ground.
A second and similar attack occurred about an hour
later. The attack and its casualties were recorded
by many observers, including the following selected
accounts”:

e A corporal saw the projectiles burst 10 ft in
the air with flash and smoke. As the shells
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burst, he got his mask on without smelling
any gas. When he took his mask off an hour
and a half later, however, he could smell
gas.

* One private said the gas smelled like sour
milk and had a sharp odor. It hurt his eyes
and nose. Another private forgot to hold his
breath while putting on his mask. The gas
smelled sweet and he became sick to the
stomach and his lungs hurt. Still, he kept
his mask on for 4 hours.

¢ One man in panic stampeded and knocked
down two others who were adjusting their
masks. The panicked man rushed down the
trench screaming and made no attempt to
put on his respirator; he died shortly after
reaching the dressing station.

¢ Another man threw himself in the bottom
of the trench and began to scream. Two oth-
ers, trying to adjust his respirator, had their
own pulled off and were gassed. The
screaming man was finally carried out of
the area but died not long after.

* An officer was gassed while shouting to the
men to keep their respirators on.

The Americans suffered 85 casualties with 8
deaths, approximately 33% of their battalion. The
problem was a lack of discipline. Because a good
American mask was not yet available, the soldiers
were issued two gas masks: a French M2, which was
comfortable but not extremely effective; and a Brit-
ish small-box respirator (SBR), which was effective
but uncomfortable with its scuba-type mouthpiece
and nose clip. At the first sign of gas, some of the
men could not find their gas masks in time. Others
were able to get their SBRs on, but then either re-
moved their masks too quickly or decided to switch
to the more comfortable French mask and were
gassed in the process.”

An editorial later summed up the lesson learned
from this first fiasco:

A stack of standing orders a mile high will not dis-
cipline an army. Neither can you so train men at
the outbreak of hostilities that they can protect
themselves against the gas which will be used by
the enemy. We must train our Army to the last de-
gree during peace.??

Creation of the Chemical Warfare Service
In the spring of 1918, the U.S. government be-

gan centralizing gas warfare functions in the War
Department under a senior Corps of Engineers of-
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Fig. 2-6. Major General William L. Sibert was the first
commanding general of the U.S. Army Chemical War-
fare Service. He had previously commanded the 1st Di-
vision in France in early 1918. Photograph: Chemical and
Biological Defense Command Historical Research and
Response Team, Aberdeen Proving Ground, Md.

ficer, Major General William L. Sibert (Figure 2-6).
When President Wilson transferred the research fa-
cilities that had been set up by the Bureau of Mines
to the War Department, the stage was set for the
inauguration of a new consolidated organization.
On 28 June 1918, the War Department formally es-
tablished the Chemical Warfare Service (CWS) un-
der Sibert as part of the National Army (ie, the war-
time army, as distinguished from the regular army),
with full responsibility for all facilities and func-
tions relating to toxic chemicals.

The CWS was organized into seven main divisions.
The Research Division was located at American
University, Washington, D. C. Most of the weapons
and agent research was conducted by this division
during the war. The Gas Defense Division was re-
sponsible for the production of gas masks and had
a large plant in Long Island City, New York. The
Gas Offense Division was responsible for the pro-
duction of chemical agents and weapons, with its
main facility located at Edgewood Arsenal, Mary-
land. The Development Division was responsible
for charcoal production, and also pilot-plant work

on mustard agent production. The Proving Ground
Division was collocated with the Training Division
at Lakehurst, New Jersey. The Medical Division was
responsible for the pharmacological aspects of
chemical defense.

The offensive chemical unit for the AEF was the
First Gas Regiment, formerly the 30th Engineers.
This unit was organized at American University
under the command of Colonel E. J. Atkisson in
1917, and was sent to France in early 1918."”%

The U.S. Army finally had an organization that
controlled offensive chemical production, defensive
equipment production, training, testing, and basic
research, along with a new chemical warfare unit,
the First Gas Regiment, under one general. This
organization helped lead the AEF to victory, al-
though much of its work, including the construc-
tion of toxic gas—production and —filling plants and
gas mask factories, was only partially completed
by the end of the war.

Agent Production

Agent production and shell-filling were initially
assigned to the Ordnance Department and then to
the CWS. The primary facility was Edgewood
Arsenal, Maryland, erected in the winter of 1917-
1918. The plant was designed to have four shell-
filling plants and four chemical agent production
plants. The first shell-filling plant filled 75-mm, 155-
mm, 4.7-in., and Livens projectiles with phosgene.
A second filling plant was added to fill 155-mm
shells with mustard agent or chloropicrin (Figure
2-7). Two additional shell-filling plants were started
but not completed before the end of the war.

The four agent production plants produced the
highest priority agents thought to be required for
the western frontin 1917. These were chlorine, chlo-
ropicrin, phosgene, and mustard agent (Figure
2-8). By 1918, the first two were no longer critical
agents, although chlorine was used in the produc-
tion of phosgene. Over 935 tons of phosgene and 711
tons of mustard agent were produced at the arsenal
by the end of the war. Government contractors also
produced these four agents and Lewisite, named af-
ter Captain W. Lee Lewis, a member of the CWS Re-
search Division. The Lewisite, however, never reached
the front: it was dumped somewhere in the Atlantic
Ocean (ie, sea dumped) after the armistice.>'”*

Chemical Weapons

During the war, the CWS used foreign technol-
ogy for offensive weapons. The initial mode of of-
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Fig. 2-7. Filling 75-mm artillery shells with mustard agent at Edgewood Arsenal, Md. Facilities designed to fill shells with
chemical agents were notoriously hazardous. Anecdotal reports from mustard shell-filling plants indicated that over sev-
eral months, the entire labor force could be expected to become ill. These workers” apparent nonchalance to the hazards of
mustard would not be tolerated by the occupational medicine standards of a later era (see Figure 2-31). Photograph: Chemical
and Biological Defense Command Historical Research and Response Team, Aberdeen Proving Ground, Md.

fensive chemical attack was the portable chemical lines, or, if the wind changed, could gas friendly
cylinder, designed to hold 30 to 70 1b of agent. Sol-  troops.

diers simply opened a valve and hoped the wind The British improved on the delivery system,
continued to blow in the right direction. The result-  developing the Livens projector, an 8-in. mortarlike
ing cloud could drift many miles behind enemy  tube that shot or projected the cylinder into the

Fig. 2-8. Interior view of the Mustard Agent Production Plant at Edgewood Arsenal, Md. Photograph: Chemical and
Biological Defense Command Historical Research and Response Team, Aberdeen Proving Ground, Md.
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Fig. 2-9. A battery of dug-in Livens projectors, with one
gas shell and its propellant charge shown in the fore-
ground. Electrically controlled salvo firing was the usual
mode of operation. Emplacement was a slow process, and
it limited the surprise factor for attack. Photograph:
Chemical and Biological Defense Command Historical Re-
search and Response Team, Aberdeen Proving Ground, Md.

enemy’s lines (Figures 2-9 and 2-10). The range was
a respectable 1,700 yd, with a flight time of 25 sec-
onds. There were several problems with the system.

Fig. 2-10. Sectionalized view of a Livens projectile. The
central tube contains a small explosive charge, which,
when detonated by the contact fuze, breaks the shell and
aids in the dissemination of the chemical agent. The usual
weight of the chemical agent was 30 1b; the shell weighed
an additional 30 Ib. Photograph: Chemical and Biologi-
cal Defense Command Historical Research and Response
Team, Aberdeen Proving Ground, Md.

Being electrically fired, a battery of Livens projec-
tors required extensive preparation and could not
be moved once set up. Normally, a battery could
only be emplaced and fired once a day. This lim-
ited mobility required the element of surprise to
prevent the Germans from taking counter actions.

British 4-in. trench mortars, called Stokes mor-
tars (Figure 2-11), provided a solution to some of
the problems with Livens projectors. The Stokes
mortar did not require extensive preparation and
could be moved as needed. Since it was not rifled,
the range was only 1,200 yd, which meant about a
14-second flight time. The small size of the shell
only held about 6 to 9 Ib of agent, but experienced
gunners could fire 25 rounds per minute. Ameri-
can troops used both Livens projectors and Stokes
mortars during the war. Ordnance officers tried
making their own Stokes mortars, but none reached
the front before the end of the war.

In addition to the special chemical weapons, the
CWS fired chemical rounds from 75-mm, 4.7-in.,
155-mm, and larger-caliber guns. Many of these had
ranges of 5 to 10 miles, with payloads of as much
as 50 Ib of agent. Owing to a shortage of shell parts
and the late completion of U.S. shell-filling plants,
U.S. troops primarily fired French phosgene and
mustard agent rounds.>'**

Biological Warfare Weapons
By 1918, the United States was apparently aware

of the German biological warfare program, but the
only agent examined was a toxin for retaliatory

ares -

Fig. 2-11. A complete Stokes mortar with ammunition and
accessories for firing. Photograph: Chemical and Biologi-
cal Defense Command Historical Research and Response
Team, Aberdeen Proving Ground, Md.
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purposes. Ricin, derived from castor beans, could
be disseminated two ways. The first involved ad-
hering ricin to shrapnel bullets for containment in
an artillery shell. The results of this work were
stated in a technical report in 1918:

These experiments show two important points: (1)
easily prepared preparations of ricin can be made
to adhere to shrapnel bullets, (2) there is no loss in
toxicity of firing and even with the crudest method
of coating the bullets, not a very considerable loss
of the material itself. ... It is not unreasonable to
suppose that every wound inflicted by a shrapnel
bullet coated with ricin would produce a serious
casualty. ... Many wounds which would otherwise
be trivial would be fatal.?®"?

The second involved the production of a ricin
dust cloud, but due to limited amounts of ricin be-
ing produced and the inefficient delivery via the
respiratory tract, little work seems to have been
pursued in this means of dissemination. Although
both approaches were laboratory tested, neither was
perfected for use in Europe before the end of the war.”’

Protective Equipment

The early unsuccessful efforts to produce a
gas mask were resolved by CWS researchers at
American University and other CWS research fa-
cilities. In the spring of 1918, the CWS issued the
Richardson, Flory, and Kops (RFK) mask, which was
an improved version of the British SBR. Over 3 mil-
lion were produced for U.S. troops. Late in 1918,
the CWS merged the best aspects of the RFK mask
with a French design that eliminated the scuba-type
mouthpiece. Designated the Kops Tissot Monro
(KTM) mask, only 2,000 were produced before the
end of the war."***** Humans were not the only crea-
tures requiring protection against chemical agents:
the CWS developed protective masks for horses,
dogs, and carrier pigeons.

Other efforts at individual protection were not
very successful. Sag Paste derived its name from
Salve Antigas and was intended as an ointment that
would prevent mustard agent burns. It was made
of zinc stearate and vegetable oil and, for a short
period, provided some protection against large
doses of mustard agent. However, once the paste
absorbed the mustard, injuries occurred. In addi-
tion, there was the problem of an individual’s hav-
ing to apply the paste to all the parts of his body
using his contaminated hands and while remain-
ing on the battlefield. Over 900 tons of Sag Paste
was shipped to the AEF during the war.'**

22

The early concerns with collective protection pri-
marily concentrated on providing a group of sol-
diers a gas-proof place in the trenches where they
could remove the uncomfortable early gas masks.
To accomplish this objective, studies were con-
ducted on blankets to hang over dugout doorways,
and various coatings or impregnates were examined
for agent resistance. The result was a regular cot-
ton blanket treated with dugout-blanket oil, a spe-
cial heavy oil (Figure 2-12). Over 35,000 such blan-
kets were shipped to the AEF.*

For ventilation of the dugout, there was the spe-
cial antigas fan known as the Canvas Trench Fan. A
1918 War College gas warfare manual dedicated
seven pages to the use of the fan, although all the
fan really did was disperse the gas (Figure 2-13).
Still, over 25,000 trench fans were sent to the
front.**%

Decontamination

There was also the problem of cleaning up the
chemical agents after the gas attack. Mustard agent
was a significant problem when it came to decon-
taminating the ground. The Germans apparently
used chloride of lime to decontaminate the ground
after an explosion at Germany’s first mustard agent
factory in Adlershof. For the AEF, bleaching pow-

Fig. 2-12. Early attempts at collective protection during
World War I included the dugout blanket, which was
used to cover the doorways to dugouts. Reprinted from
Army War College. Methods of Defense Against Gas At-
tacks. Vol 2. In: Gas Warfare. Washington, DC: War De-
partment; 1918: Figure 18.
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Fig. 2-13. Procedures for using the trench fan to remove chemical agents from trenches. The fan was a failure. Re-
printed from Army War College. Methods of Defense Against Gas Attacks. Vol 2. In: Gas Warfare. Washington, DC: War

Department; 1918: Figure 25.

der (also known as chloride of lime or calcium hy-
pochlorite) was the primary decontaminant during
the war. Obtained from the bleaching industry, this
white powder proved effective in neutralizing mus-
tard agent on the ground. Almost 2,000 tons of bleach-
ing powder was sent to the AEF during the war.

As for mustard-contaminated clothing, the rec-
ommendation was to expose it to the open air for
48 hours or longer if the weather was cold. A quicker
method was to leave the clothing inside a steam
disinfecting chamber for 3 hours, but steam cham-
bers were normally not available to front line
troops.l4,26,34

Detection and Alarms

The CWS also studied the critical need for chemi-
cal agent detectors and alarms. Initially, World War
I soldiers relied on their own senses (smell, and
throat and nose irritation) to detect chemicals. Even-
tually, the CWS was able to produce various dyes
that changed color when contaminated with mus-
tard agent. Most of the formulas for the detector
paints, however, were British, and the CWS had
trouble duplicating their work.*

At least one organic detector was also studied.
One of the more interesting investigations was that
of using snails as detectors. U.S. Army scientists
reported that in the presence of mustard gas, snails
waved their tentacles wildly in the air and then
withdrew into their shells. When a prominent

French physiologist was asked about this, he burst
out laughing and said that French soldiers would
eat the snails first. A test was conducted using
French snails, but the conclusion was that the for-
eign snails were more conservative in their impulse
to wave their tentacles.*

Once chemical agents were detected, the alarm
was sounded by horns, rattles, bells, or whatever
loud noise was available. These alarms created
problems of their own, as the rattles often sounded
like machine-gun fire, and it was difficult to distin-
guish from other nonchemical alarms. By the end
of the war, the ability to detect chemical agents and
alert the troops was still in a very primitive state.

Gas Casualty Treatments

A month after the United States entered the war,
the U.S. Army War College issued Memorandum on
Gas Poisoning in Warfare with Notes on its Pathology
and Treatment,” a short manual for medical officers
written by a committee of consultant physicians and
physiologists. The memorandum directed that
“Rest is the most important point of all in the gen-
eral treatment of gas casualties””®® and recom-
mended using morphia to calm gassed soldiers who
were too restless. Next in importance to rest were
oxygen; protection from cold; special stimulants or
drugs (particularly ampules of ammonia for inha-
lation, but also brandy in small sips, and pituitrin,
administered hypodermically every 3 h); venesec-
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tion (to relieve headaches); and removing “serous
exudate” from the lungs (by drinking water and
tickling the back of throat to produce vomiting; later
treatments included potassium iodide, atropine,
and steam tents with tincture benzoin compound).
The manual concluded by admitting: “Knowledge
on the various points discussed in this pamphlet is
still far from being stable.”*®%?

The final version of the manual, issued in No-
vember 1918, made many changes to the original
and reflected battlefield experience. For example,
morphia was recognized as a “dangerous drug to
use when the respiration is seriously affected. Its
use should therefore be restricted to severe
cases.”**®??) The most significant addition was in-
formation on mustard agent, which included sec-
tions for the treatment for the various organs ex-
posed to the agent. For the skin, after cleaning the
mustard agent off a soldier with soap and water,

[a] dusting powder of zinc oxide mixed with bo-
racic acid, chalk, and starch, or a calamine lotion
with lime water may be used after the bath to allay
skin irritation. The blisters may be evacuated by
pricking.*®3%

The delayed action of mustard agent required
quick personnel decontamination actions. One so-
lution was to bathe the soldiers thoroughly with
soap and water within half an hour of mustard
agent exposure. This was thought to prevent or
greatly reduce the severity of the mustard burns.
The army established degassing units that used a
5-ton truck with a 1,200-gal water tank, fitted with
heaters and piping to connect it to portable show-
ers. A second truck held extra uniforms. Two de-
gassing units were assigned to each division. After
the showers, the troops were give a drink of bicar-
bonate of soda water and then had their eyes, ears,
mouths, and noses washed with the soda water.”®

Mustard agent was a significant problem for un-
trained soldiers. In September 1918, one Field Ar-
tillery general instructed his troops:

In view of the many casualties recently resulting
in other commands from German mustard gas, each
organization commander will take the following
precautions: (a) Each soldier will place a small piece
of soap in his gas mask container, (b) Each Chief of
Section will keep constantly on hand in each gun-
pit or gun position, two large bottles of soapy wa-
ter—empty bottles may be purchased at wine shops
from Battery Fund, (c) In case of a gas attack, and
if opportunity permits, soapy water will be rubbed
under the arms and between the legs around the
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scrotum, of soldiers affected, this serving to neu-
tralize the pernicious effect of the gas. This effect
will be explained to the soldiers of each organiza-
tion, who can only hope to prevent becoming ca-
sualties through the strictest gas discipline.”

Despite the many warnings, mustard agent
earned its designation of King of the Battlefield by
killing approximately 600 U.S. soldiers and injur-
ing over 27,000.%

Lessons Learned

The armistice of November 1918 ended the
world’s first chemical and biological war. Of the
approximately 26 million casualties suffered by the
British, French, Russians, Italians, Germans, Austro-
Hungarians, and the Americans, some 1 million
were gas casualties. Of the total 272,000 U.S. casu-
alties, over 72,000 were gas casualties, or about one
fourth. Of the total U.S. gas casualties, approxi-
mately 1,200 either died in the hospital or were
killed in action by gas exposure. There were no ca-
sualties or deaths attributed to biological warfare.*

Thus the U.S. Army completed its introduction
to 20th-century chemical warfare. With the help of
the CWS, the army successfully recovered from its
early poor performance and survived repeated toxic
chemical attacks against its troops. Likewise, by the
end of the war, the First Gas Regiment and numer-
ous U.S. artillery units successfully used toxic
chemical agents in retaliation and during offensive
operations.

At the end of the war, the United States could
proudly point to the best protective mask, abundant
munitions, and trained troops. The CWS had 1,680
officers and 20,518 enlisted personnel controlling
the army’s chemical warfare program.”

The only negative aspect was the dire prediction
of future chemical wars, as expressed by one U.S.
Army officer:

Gas was new and in an experimental stage through-
out the war and hence the man who plans for fu-
ture defense must consider the use of gas to have
been in its infancy. He must draw very few lessons
for the future use of gas based on past perfor-
mances. He must only use those lessons as point-
ing the way and not as approaching a final result.
The firing of steel as shell passed its zenith with
the passing of the Argonne fight. Never again will
the world see such a hail of steel on battlefields,
but in its place will be concentrations of gas and
high explosives as much greater than the World
War as that was greater than the Civil War.*!®¥



History of Chemical and Biological Warfare: An American Perspective

In contrast, Fritz Haber, the Nobel laureate chem-
ist who, more than anyone else, was responsible for
the development and fielding of chemical weapons
for use by Kaiser Wilhelm II's army, downplayed the
importance of chemical warfare as a weapon of mass
destruction after the surprise was gone. In an inter-
view published in New York in 1921, he concluded:
“Poison gas caused fewer deaths than bullets.”**®'?

General John J. Pershing summed up his opin-
ion of the new chemical warfare shortly after the
conclusion of World War I:

Whether or not gas will be employed in future wars
is a matter of conjecture, but the effect is so deadly
to the unprepared that we can never afford to ne-
glect the question.**®””

THE 1920s: THE LEAN YEARS

The Chemical Warfare Service Made Permanent

Following the successful conclusion of World
War I, the U.S. Army almost immediately tried to
forget everything it had learned during the war
about being prepared for future chemical warfare.
The first major concern of the new CWS was to en-
sure that it survived demobilization. The army had
organized the CWS as a temporary war measure, a
part of the National Army only, and that temporary
existence was due to expire within 6 months after
the end of the war. This 6 months was later extended
to 30 June 1920. During hearings before the U.S.
Congress, Secretary of War Newton D. Baker testi-
fied, “We ought to defend our army against a gas
attack if somebody else uses it, but we ought not to
initiate gas.”*"® He and Chief of Staff General
Peyton C. March both used this philosophy to rec-
ommend both abolishing the CWS and outlawing
chemical warfare by a treaty.*

Even General Sibert, when asked about the need
for a permanent CWS and the possibility of chemi-
cal warfare in future wars, replied:

Based on its effectiveness and humaneness, [chemi-
cal warfare] certainly will be an important element
in any future war unless the use of it should be
prohibited by international agreement. As to the
probability of such action, I cannot venture an
opinion.*®%

To persuade congress to keep the CWS, several
prominent civilian and military leaders lobbied to
include a permanent chemical warfare organization.
Lieutenant Colonel Amos A. Fries, a CWS officer
and one of the strongest proponents of a permanent
organization, stressed the need for a central orga-
nization, one that covered all aspects of chemical
warfare (Figure 2-14). He drew on the lessons
learned from the previous war:

Had there been a Chemical Warfare Service in 1915
when the first gas attack was made, we would have

been fully prepared with gases and masks, and the
army would have been trained in its use. This
would have saved thousands of gas cases, the war
might easily have been shortened six months or
even a year, and untold misery and wasted wealth
might have been saved."®

Fig. 2-14. Amos A. Fries, shown here as a major general,
was chief of the Chemical Warfare Service between 1921
and 1929. “With his dynamic personality and extensive
contacts in Congress and the chemical industry, he quite
literally kept the CWS alive.” Quotation: Brown FJ.
Chemical Warfare—A Study in Restraints. Princeton, NJ:
Princeton University Press; 1968: 130. Photograph: Chemi-
cal and Biological Defense Command Historical Research
and Response Team, Aberdeen Proving Ground, Md.

25



Medical Aspects of Chemical and Biological Warfare

He also stressed that both offensive and defensive
research must be conducted:

Just as developments in masks have gone on in the
past just so will they go in the future. Just as from
time to time gases were found that broke down or
penetrated existing masks, just so in the future will
gases be found that will more or less break down
or penetrate the best existing masks. Accordingly,
for thorough preparation, mask development must
be kept absolutely parallel with development in
poisonous and irritating gases. Mask development
cannot, however, be kept parallel unless those
working on masks know exactly what is going on
in the development of poisonous gases. Thus a na-
tion that stops all investigation into poisonous
gases cannot hope to be prepared on the defensive
side should the time ever come when defense
against gas is needed.?®P"®

Fries also disagreed with the premise that trea-
ties could prevent chemical warfare:

Researches into poisonous gases cannot be sup-
pressed. Why? Because they can be carried on in
out-of-the-way cellar rooms, where complete plans
may be worked out to change existing industrial
chemical plants into full capacity poisonous gas
plants on a fortnight’s notice, and who will be the
wiser??®?)

Although Fries was very persuasive and eloquent
in his comments, a young lieutenant, who published
the following poem in 1919, more graphically ex-
pressed the opinion of those who understood the
nature of chemical warfare:

There is nothing in war more important than gas
The man who neglects it himself is an ass
The unit Commander whose training is slack
Might just as well stab all his men in the back.*5¢veriv)

The chemical warfare specialists won the argu-
ment. On 1 July 1920, the CWS became a perma-
nent part of the Regular Army. Its mission included
development, procurement, and supply of all offen-
sive and defensive chemical warfare material, to-
gether with similar functions in the fields of smoke
and incendiary weapons. In addition, the CWS was
made responsible for training the army in chemical
warfare and for organizing, equipping, training, and
employing special chemical troops (Figure 2-15).”>*

Despite the encouragement of permanent status
and surviving demobilization, the years after 1920
were lean (ie, austere) ones for the CWS, as indeed
they were for the army as a whole. The CWS was
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Fig. 2-15. The first temporary Chemical Warfare School
building at Edgewood Arsenal, Md., shortly after the end
of World War I. The school was later moved to a perma-
nent structure. Photograph: Chemical and Biological
Defense Command Historical Research and Response
Team, Aberdeen Proving Ground, Md.

authorized only 100 Regular Army officers but
never actually achieved that number. The low point
was 64 in 1923. Enlisted strength dropped to a low
of 261 in 1919 and averaged about 400 the rest of
the decade. Civilian employees numbered fewer
than 1,000. The low point in funding was in 1923,
when the amount was $600,000.%

After 1919, almost all the work of the CWS moved
to Edgewood Arsenal, Maryland, with only the
headquarters remaining in Washington, D. C.
Edgewood became the center of training, stock-
piling, and research and development. Initially,
the CWS was authorized to train only its own troops
in all aspects of chemical warfare, while the
General Staff permitted only defensive training
for other army elements (Figure 2-16). The CWS
protested this limitation and finally in May 1930,
the Judge Advocate General ruled that both offen-
sive and defensive training were allowed for all
troops.”

Leftover stocks of chemicals from World War I
were deemed sufficient for the army’s stockpile. In
1922, to comply with the Limitation of Arms Con-
ference, the War Department ordered that “[t]he fill-
ing of all projectiles and containers with poisonous
gas will be discontinued, except for the limited
number needed in perfecting gas-defense appli-
ances.””' The CWS was only allowed to continue
limited research and development based on percep-
tions of future wars.”"*

To improve its standing with the taxpayers and
the growing pacifist movement, the CWS also ex-
panded its research capabilities into nonmilitary



History of Chemical and Biological Warfare: An American Perspective

projects. These special projects included such ac-
tivities as preserving wooden dock structures (1923)
and fighting boll weevils (1925-1927).*%

New Chemical Weapons

In 1928, the CWS formalized the standardization
of chemical agents. Seven chemical agents and smokes
were selected as the most important. The seven, with
their symbols, were mustard agent (HS), methyl-
difluorarsine (MD), diphenylaminechlorarsine (DM),
chloroacetophenone (CN), titanium tetrachloride
(FM), white phosphorus (WP), and hexachlorethane
(HC). Phosgene (CG) and Lewisite (L) were consid-

Fig. 2-17. An experimental 4.2-in. chemical mortar, show-
ing (1) the standard, (2) the barrel with the shock-absorb-
ing mechanism, and (3) the tie rods connecting the stan-
dard to the baseplate. This weapon differed from the
Stokes mortar, its predecessor, in that it was easier to set
up and it was rifled; the spiral grooves can be seen on the
inside of the barrel at its muzzle. Photograph: Chemical
and Biological Defense Command Historical Research and
Response Team, Aberdeen Proving Ground, Md.

Fig. 2-16. Soldiers wearing protective
clothing are firing 75-mm mustard
agent shells at Edgewood Arsenal,
Md., in 1928. Photograph: Chemical
and Biological Defense Command
Historical Research and Response
Team, Aberdeen Proving Ground, Md.

ered of lesser importance. Chloropicrin (PS) and chlo-
rine (Cl) were rated the least important.’

Delivery systems were also improved. As early
as 1920, Captain Lewis M. McBride experimented
with rifling the barrel of the Stokes mortar. In 1924,
a Stokes mortar barrel was rifled and tested. In tru-
ing the inside diameter of the 4-in. barrel prepara-
tory to rifling, the bore was enlarged to 4.2 in. in
diameter. This work increased the range of the mor-
tar from 1,100 yd to 2,400 yd. In 1928, the improved
mortar was standardized as the M1 4.2-in. chemical
mortar and became the CWS’s prized ground weapon
for the delivery of toxic chemical agents as well as
smoke and high explosives (Figures 2-17 and 2-18).%

Fig. 2-18. The chemical weapons of the 1920s and 1930s.
From left to right: the 75-mm mustard shell; the 4.2-in.
white phosphorus shell; the M1 30-1b mustard bomb; the
Mk II 155-mm mustard shell; the Livens phosgene pro-
jectile; and the Mk I portable chemical cylinder. Photo-
graph: Chemical and Biological Defense Command His-
torical Research and Response Team, Aberdeen Proving
Ground, Md.
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One much-discussed topic was the role that air-
planes would take in the next chemical war. Fries
predicted:

The dropping of gas bombs of all kinds upon as-
sembly points, concentration camps, rest areas and
the like, will be so fruitful a field for casualties and
for wearing down the morale of armies in the fu-
ture that it will certainly be done and done on the
very first stroke of war.**®p->)

To meet this need, the CWS standardized the M1
30-1b chemical bomb. It held only about 10 1b of
agent owing to its thick shell. As a test of the use of
airplanes in a chemical war, the CWS first demon-
strated simulated chemical attacks against battle-
ships in 1921.%%

New Protective Equipment

The CWS concentrated, however, on defensive
work. After the war, the CWS continued working
on the KTM mask, which became known as the
Model 1919. In 1921, the mask officially became the
M1 Service Gas Mask (Figure 2-19); it had a rubber
facepiece and was available in five sizes.”>*® The hope
was to issue a protective mask to every soldier in the
army. One proponent described the reason why:

To put the matter briefly, a modern army which
enters on a campaign without respirators is
doomed from the outset. It is asking to be attacked
by gas, most certainly will be, and equally certainly
will be destroyed. A soldier without a respirator is
an anachronism.*®'?

Biological Warfare Program

During the early 1920s, there were several sug-
gestions from within the CWS that it undertake
more research into biological agents. Fries, who had
been promoted to major general and had replaced
Sibert as the Chief Chemical Officer in 1920, how-
ever, decided it was not profitable to do so. In 1926,
he wrote in the annual report of the CWS:

The subject of bacteriological warfare is one which
has received considerable notice recently. It should
be pointed out in the first place that no method for
the effective use of germs in warfare is known. It
has never been tried to any extent so far as is
known.50®®)

The new League of Nations, which had been
quoted in the annual report, concluded the same:
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Fig. 2-19. A schematic diagram showing the M1 Service
Gas Mask. The M1 eliminated the nose clip and mouth-
piece of the box respirators of World War I vintage. By
directing the incoming air over the eyepieces, it also
helped eliminate lens fogging. Photograph: Chemical and
Biological Defense Command Historical Research and
Response Team, Aberdeen Proving Ground, Md.

[Biological] warfare would have little effect on the
actual issue of a war because of protective meth-
ods available; that filtering and chlorinating drink-
ing water, vaccination, inoculation, and other methods
known to preventive medicine, would so circum-
scribe its effect as to make it practically inef-
fective.?0®®

Chemical-Biological Warfare Use and Plans

Throughout the 1920s, rumors of chemical
warfare attacks plagued the world. Besides the
United States and the major World War I powers,
several other countries began to develop a chemi-
cal warfare capability. Some of the countries with
chemical weapons used them in their military op-
erations. During the Russian Civil War and Allied
intervention in the early 1920s, both sides had
chemical weapons, and there were reports of iso-
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lated chemical attacks. Later accounts®*! accused

the British, French, and Spanish of using chemical
warfare at various times during the 1920s. One
country in particular attracted the attention of the
United States. As early as 1924, the CWS began to
take note of the growing Italian chemical warfare
capability. That was the year the Italians established
the Centro Chemico Militaire, a unified chemical
warfare service and began production of chemical
agents.® %

Two events related to biological warfare prob-
ably went unnoticed by the Americans. In 1928, a
Japanese officer by the name of Shiro Ishii began
promoting biological warfare research and took a
2-year tour of foreign research establishments,
including the United States. After his tour, he
concluded that all the major powers were secretly
researching biological warfare. Although his con-
clusion was erroneous for the United States, it was
probably accurate for the Soviet Union. In 1929, the
Soviets reportedly established a biological warfare
facility north of the Caspian Sea.**"**%

While the CWS struggled to survive and keep the
army ready for a chemical war, international at-
tempts were made to prohibit chemical warfare. The
Treaty of Versailles, completed in 1919, prohibited
Germany from producing, storing, importing, or

using poisons, chemicals, and other chemical weap-
ons. The treaty was not ratified by the United States.
A separate treaty with Germany did not mention
chemical warfare, but the United States agreed to
comply with the provisions of the Treaty of
Versailles in relation to poisonous gases.
Although the new League of Nations concluded
in 1920 that chemical warfare was no more cruel
than any other method of warfare used by combat-
ants, the Limitation of Arms Conference, held in
Washington, D. C., in 1922, banned the use of poi-
sonous gases except in retaliation. The United States
ratified the limitation, but France declined to ratify
the treaty and therefore it was never implemented.
This unsuccessful attempt was followed by the
1925 Geneva Protocol, which was signed by 28
countries, including the United States. This agree-
ment condemned the use of gas and bacteriological
warfare. The U.S. Senate, however, refused to ratify
the Protocol and remained uncommitted by it. The
senate had apparently decided that chemical war-
fare was no more cruel than any other weapon and
therefore should not be banned. The general policy
of the U.S. government, however, still tended to-
ward the discouragement of all aspects of chemical
warfare, but was tempered by a policy of prepared-
ness should chemical warfare occur again.®*

THE 1930s: THE GROWING THREAT OF CHEMICAL AND BIOLOGICAL WARFARE

Further international attempts to ban not only
the use of chemical weapons but also all research,
production, and training caused a response that
developed into a new U.S. policy on chemical war-
fare. The U.S. Army Chief of Staff, General Douglas
MacArthur, stated the policy in a letter to Secretary
of State Henry L. Stimson in 1932:

In the matter of chemical warfare, the War Depart-
ment opposes any restrictions whereby the United
States would refrain from all peacetime preparation
or manufacture of gases, means of launching gases,
or defensive gas material. No provision that would
require the disposal or destruction of any existing
installation of our Chemical Warfare Service or of any
stocks of chemical warfare material should be incor-
porated in an agreement. Furthermore, the existence
of a War Department agency engaged in experimen-
tation and manufacture of chemical warfare materi-
als, and in training for unforeseen contingencies is
deemed essential to our national defense.*®"®

There were no other major attempts to ban chemi-
cal and biological warfare during the 1930s.

New Chemical Agents and Weapons

The CWS continued to maintain stockpiles of the
key World War I-chemical agents during the 1930s.
Captain Alden H. Waitt, then Secretary of the
Chemical Warfare School at Edgewood Arsenal and
later Chief Chemical Officer, summed up the CWS'’s
planning for the next war in 1935:

Foreign writers agree that at least for the first few
months of any war, should one occur within a few
years, the gases that were known at the end of the
World War would be used. Of these, the opinion is
unanimous that mustard gas would be the princi-
pal agent and the most valuable. Opinion in the
United States coincides with this.”®2%%

In 1937, Edgewood Arsenal rehabilitated their
mustard agent plant and produced 154 tons of mus-
tard agent to increase their stockpile (Figure 2-20). The
same year, the phosgene plant was renovated for ad-
ditional production, and the CWS changed phosgene
from substitute standard to standard (Figure 2-21).”!
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The result of the CWS’s confidence in these se-
lected agents was that the CWS missed the devel-
opment of several key new agents. Waitt wrote:

Occasionally a statement appears in the newspa-
pers that a new gas has been discovered superior
to any previously known. Such statements make
good copy, but not one of them has ever been veri-
fied. Today no gases are known that are superior
to those known during the World War. It is unlikely
that information about a new gas will be obtained
until it is used in war. The chemical agent is too
well adapted to secrecy. The only insurance against
surprise by a new gas is painstaking research to
find for ourselves every chemical agent that offers
promise for offensive or defensive uses. It seems
fairly safe to say that today mustard gas is still the
king of warfare chemicals and to base our tactical
schemes on that agent as a type.”0(?2%

Yet already the reign of mustard agent was end-
ing. In 1931, Kyle Ward, Jr., published an article
describing nitrogen mustard, a vesicant agent with
no odor. The CWS investigated the new substance
and found it to be less vesicant than sulfur mus-
tard. The U.S. Army eventually standardized nitro-
gen mustard as HN-1, although it was the Germans
who took a great interest in the new vesicant.’

In 1936, German chemist Dr. Gerhart Schrader
of I. G. Farbon Company discovered an organophos-
phorus insecticide, which was reported to the
Chemical Weapons Section of the German military
prior to patenting. The military was impressed with
the effects of the compound on the nervous system
and classified the project for further research. The
military assigned various names to the new sub-
stance, including Trilon-83 and Le 100, but tabun
was the name that stuck. After World War II, the
CWS designated it GA, for “German” agent “A.”
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Fig. 2-20. The Mustard Manufactur-
ing Plant at Edgewood Arsenal, Md.
Photograph: Chemical and Biological
Defense Command Historical Re-
search and Response Team, Aberdeen
Proving Ground, Md.

About 2 years later, Schrader developed a
similar agent, designated T-144 or Trilon-46 and
eventually called sarin, which was reportedly
5 times as toxic as tabun. The United States
later designated this agent GB. The Germans
assigned a large number of chemists to work
on these new nerve agents and began building a
pilot plant for production in 1939, the year World
War II started.>”>”

Fig. 2-21. Interior view of the Phosgene Production Plant
at Edgewood Arsenal, Md. The low level of chemical
engineering technology apparent in this World War II-
era photograph is relevant to the problem of chemical
agent proliferation today. Elaborate, expensive equip-
ment is not required for mass-producing the less-sophisti-
cated chemical agents. Photograph: Chemical and Biologi-
cal Defense Command Historical Research and Response
Team, Aberdeen Proving Ground, Md.
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Fig. 2-22. AField Artillery unit prepared for chemical war.
Both the men and the horses required protection against
the agents. Photograph: Chemical and Biological Defense
Command Historical Research and Response Team, Ab-
erdeen Proving Ground, Md.

During the 1930s, the CWS stockpiled the chemi-
cal weapons used by World War I ground forces in
preparation for a future war. These were primarily
Livens projectors, Stokes mortars, and portable cyl-
inders. In addition, there were chemical shells for
75-mm, 105-mm, and 155-mm artillery pieces (Fig-
ures 2-22 and 2-23).

The production of the new 4.2-in. chemical mor-
tar eventually made that weapon the key ground
delivery system for the CWS. Between 1928 and
1935, the army attempted to make the 4.2-in. mor-
tar a mechanized weapon by mounting it on vari-
ous vehicles (Figure 2-24). The CWS also began ex-

Fig. 2-23. Battery D, 6th Field Artillery, firing a 75-mm
gun while in protective clothing at Edgewood Arsenal,
Md., in 1936. The overgarments of the 1920s were made
of rubberized cloth or cloth impregnated with substances
such as linseed oil. These overgarments were heavier and
hotter than today’s protective clothing. Note the lack of
overboots. Photograph: Chemical and Biological Defense
Command Historical Research and Response Team, Ab-
erdeen Proving Ground, Md.

periments in 1934 to make the mortar a more ver-
satile weapon by testing high-explosive shells as an
alternative to chemical rounds.

In 1935, the improved M1A1 mortar was standard-
ized. The M1A1 had an improved barrel and base-
plate, and a new standard connected to the baseplate
by two tie-rods for support. The M1A1 had a maxi-
mum range of 3,200 yd (1.8 miles). Each shell held 5
to 7 Ib of either phosgene, mustard agent, cyanogen
chloride, white phosphorus, or smoke agent.>*

Additional new delivery systems also included
the first standardized chemical land mine for mus-
tard agent in 1939. Designated the M1, this 1-gal
gasoline-type can held 9.9 Ib of mustard agent and
required detonating cord to burst the can and dis-
seminate the agent.”

For air delivery, the CWS standardized the first
good airplane smoke tank, the M10, in 1933. This tank
held 30 gal of mustard (320 Ib), Lewisite (470 Ib), or
smoke material. The system was rather simple. Elec-
trically fired blasting caps shattered frangible seals in
the air inlet and the discharge line, which allowed air
and gravity to force the liquid out. The slipstream of
the plane then broke up the liquid into a spray.”

Biological Warfare Developments
While chemical warfare received some attention

during the 1930s, biological warfare received very
little. In 1933, Major Leon A. Fox, Medical Corps,

Fig. 2-24. A 4.2-in. chemical mortar mounted on a light
cargo carrier in 1928. The carrier had a speed of 20 mph.
Photograph: Chemical and Biological Defense Command
Historical Research and Response Team, Aberdeen Prov-
ing Ground, Md.
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U.S. Army, wrote an article on bacterial warfare for
The Military Surgeon that began:

Bacterial warfare is one of the recent scare-heads
that we are being served by the pseudo-scientists
who contribute to the flaming pages of the Sunday
annexes syndicated over the Nation’s press.”>®'%

He then proceeded to point out the difficulties of
trying to weaponize biological agents. For example,
bubonic plague would create significant problems
for friendly troops as well as the enemy:

The use of bubonic plague today against a field
force, when the forces are actually in contact, is
unthinkable for the simple reason that the epidemic
could not be controlled. Infected personnel cap-
tured would provide the spark to set off possible
outbreaks of pneumonic plague in the ranks of the
captors. Infected rats would also visit and spread
the condition. An advance over terrain infected
with plague-bearing rats would be dangerous.
Therefore, except as a last desperate, despairing
hope of a rapidly retreating army, the use of plague
by forces in the field is not to be considered.”?"?

After dismissing the causative organisms of ma-
laria, yellow fever, anthrax, and other such agents,
he concluded:

I consider that it is highly questionable if biologic
agents are suited for warfare. Certainly at the
present time practically insurmountable technical
difficulties prevent the use of biologic agents as
effective weapons of warfare.”®*”

The same year that Fox wrote his article, Ger-
many began military training in offensive biologi-
cal warfare and reportedly covertly tested Serratia
marcescens, considered a biological simulant, in the
Paris Metro ventilation shafts and near several
French forts. Three years later they conducted
antianimal experiments with foot and mouth dis-
ease at Luneburger Heide. The next year the Ger-
man Military Bacteriological Institute in Berlin be-
gan developing anthrax as a biological weapon,
while the Agricultural Hochschule in Bonn exam-
ined the spraying of crops with bacteria.>®

Even the future allies of the United States in
World War II were working on biological warfare
programs. By 1936, France had a large-scale biologi-
cal warfare research program working on bacterial
and viral viability during storage and explosive
dispersal. The same year, Britain established a com-
mittee to examine offensive and defensive biologi-
cal warfare issues. By 1940, the British chemical
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laboratory at Porton Down had a biological war-
fare laboratory. Canada initiated biological warfare
research under Sir Frederick Banting at Connaught
Laboratories, Ile Grosse, and at Suffield in 1939. The
Canadians started work on anthrax, botulinum
toxin, plague, and psittacosis.>®

One man who definitely thought differently from
Fox was Japan’s Ishii. In 1933, he set up an offen-
sive biological warfare laboratory in occupied Man-
churia, later designated Detachment 731, which
developed and tested a biological bomb within 3
years and also tested biological agents on Chinese
prisoners. Additional biological warfare facilities
were established in 1939, the same year that Japa-
nese troops allegedly entered Russia to poison ani-
mals with anthrax and other diseases.

T
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Fig. 2-25. The Japanese U]JI bacterial bomb, drawn from
sketches given to Lieutenant Colonel Murray Sanders,
Chemical Warfare Service, in 1945. Porcelain rather than
metal was used to form the “shell” because it could be
shattered by a much smaller explosive charge. This pro-
tected the biological agent, assuring that it would be sub-
jected to less heat and pressure. Reprinted from Scien-
tific and Technical Advisory Section, US Army Forces,
Pacific. Biological Warfare. Vol 5. In: Report on Scientific
Intelligence Survey in Japan. HQ, US Army Forces, Pacific;
1945: appended chart.
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By 1940, Ishii had developed and tested in the
field nine different kinds of biological bombs and
had produced over 1,600 bombs, although some had
been expended in research. The 40-kg Ha bomb,
filled with a mixture of shrapnel and anthrax spores,
and the 25-kg Type 50 UJI bomb, also filled with
anthrax spores, were considered the most effective
(Figure 2-25). His early discoveries that conven-
tional bombs filled with biological agents failed to
disseminate the agent properly did, however, con-
firm some of Fox’s beliefs. The Japanese were able
to disseminate typhus rickettsia, cholera bacteria,
and plague-infested fleas through Ning Bo in China,
where 500 villagers died from plague epidemics. By
the beginning of World War II, Ishii was concen-
trating on the use of vectors such as the common
flea to carry the biological agents.***”°

New Defensive Equipment

The M1 gas mask design proved to be a reliable
choice for over a decade. In 1934, minor modifica-
tions to the head-harness straps and the mounting
of the eyepieces resulted in the M1A1 mask.

In 1935, the first major modification to the origi-
nal design was introduced as the M1A2 mask. The
M1A2 was constructed from a flat rubber faceblank
with a seam at the chin. This design allowed the
mask to be issued in one universal size, although
the small and large sizes of the M1A1 continued in
production. This mask became the standard mask
for the army up to the beginning of World War II.
By 1937, Edgewood Arsenal was producing over
50,000 masks per year (Figure 2-26).%

Collective protection during the 1930s began the
advancement from the passive dugout blanket of
World War I to the modern mechanical systems.
Although most major powers initiated work on col-
lective protection for troops in the field during the
1920s, the CWS did not standardize its first unit
until 1932. That year, the M1 Collective Protector, a
huge, 1,210-1b, fixed installation unit providing 200
cu ft of air per minute, was typed classified for use
primarily in coastal forts. The level of protection
was the same as that provided by the standard gas
mask canister.”’

For decontamination, the CWS concentrated on
mustard agent decontaminants. Ordinary bleach,
used during World War I, was considered the most
effective but was corrosive to metals and had only
a 3-week storage life in the tropics (Figure 2-27).

Early work, starting in 1930, used simple tanks
filled with DR1 emulsion, a soap prepared with
magnesium carbonate, animal fat, and kerosene,

Fig. 2-26. In addition to the standard Service Gas Mask,
the Chemical Warfare Service also designed diaphragm
masks for speaking capability. Note the hood, which cov-
ered the skin of the head, face, and neck. The soldier also
wears chemically protective gloves. Since the uniform
was impregnated with a substance that hindered the pen-
etration of mustard, in theory, no portion of his skin was
subject to mustard injury. Photograph: Chemical and Bio-
logical Defense Command Historical Research and Re-
sponse Team, Aberdeen Proving Ground, Md.

and designed primarily for ship decontamination.
The next development involved commercial items
such as insecticide sprayers, fire extinguishers, ag-
ricultural spreaders, and road sprinklers. The best
sprayer was the 3-gal Demustardizing Apparatus,
Commercial Type, standardized in 1938. The 172-qt
Demustardizing Apparatus was used for lighter
work. This fire extinguisher-type sprayer was rec-
ommended for standardization in 1937.

Agricultural spreaders and road sprinklers
proved less successful at disseminating the proper
amount of decontaminant. Just before the beginning
of World War II, the CWS also investigated the
power-driven demustardizing apparatus, which
was based on a commercial orchard sprayer with a
300-gal tank and an 8-hp engine.

In 1938, the CWS made the important discovery
of the decontaminating capability of the compound
RH-195, developed by the Du Pont Company, when
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mixed with acetylene tetrachloride. This combina-
tion was later designated Decontaminating Agent,
Non-Corrosive (DANC). DANC was a whitish pow-
der that liberated chlorine more slowly than ordi-
nary bleaching material and therefore was more
stable in storage. One gallon of DANC could de-
contaminate 15 sq yd of heavily contaminated soil.**

Italian—-Ethiopian War

The first major use of chemical weapons after
World War I came in 1935 during the Italian-Ethio-
pian War. On 3 October 1935, Benito Mussolini
launched an invasion of Ethiopia from its neighbors
Eritrea, an Italian colony, and Italian Somaliland.
Ethiopia protested the invasion to the League of
Nations, which in turn imposed limited economic
sanctions against Italy. These sanctions, although
not crippling, put a deadline pressure on Italy to
either win the war or withdraw.

The initial Italian offensive from Eritrea was not
pursued with the proper vigor in Mussolini’s opin-
ion, and the Italian commander was replaced. The
new commander, Marshal Pietro Badoglio, was or-
dered to finish the war quickly. He resorted to
chemical weapons to defeat the Ethiopian troops
led by Emperor Haile Selassie. Despite the Geneva
Protocol of 1925, which Italy had ratified in 1928
(and Ethiopia in 1935), the Italians dropped mus-
tard bombs and occasionally sprayed it from air-
plane tanks. They also used mustard agent in pow-
der form as a “dusty agent” to burn the unprotected
feet of the Ethiopians. There were also rumors of
phosgene and chloropicrin attacks, but these were
never verified.

The Italians attempted to justify their use of
chemical weapons by citing the exception to the
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Fig. 2-27. Cleaning up mustard agent
in the field with bleaching powder
and soil. The labor-intensive nature
of mustard decontamination is read-
ily apparent. Note that the exercise
is being conducted in the winter; no
doubt the chemical protective gar-
ments shown here would have con-
stituted a considerable thermal load.
Photograph: Chemical and Biological
Defense Command Historical Re-
search and Response Team, Aberdeen
Proving Ground, Md.

Geneva Protocol restrictions that referenced accept-
able use for reprisal against illegal acts of war. They
stated that the Ethiopians had tortured or killed
their prisoners and wounded soldiers.”**

Chemical weapons were devastating against the
unprepared and unprotected Ethiopians. With few
antiaircraft guns and no air force, the Italian air-
craft ruled the skies. Selassie emotionally described
the nightmare to the League of Nations:

Special sprayers were installed on board aircraft
so they could vaporize over vast areas of territory
a fine, death-dealing rain. Groups of 9, 15, or 18
aircraft followed one another so that the fog issu-
ing from them formed a continuous sheet. It was
thus that, as from the end of January 1936, soldiers,
women, children, cattle, rivers, lakes, and pastures
were drenched continually with this deadly rain.
In order more surely to poison the waters and pas-
tures, the Italian command made its aircraft pass
over and over again. These fearful tactics suc-
ceeded. Men and animals succumbed. The deadly
rain that fell from the aircraft made all those whom
it touched fly shrieking with pain. All those who
drank poisoned water or ate infected food also suc-
cumbed in dreadful suffering. In tens of thousands
the victims of Italian mustard gas fell.*#3®p151-152)

By May 1936, Italy’s army completely routed the
Ethiopian army. Italy controlled most of Ethiopia
until 1941 when British and other allied troops re-
conquered the country.

The U.S. Army closely followed the war and sent
Major Norman E. Fiske as an observer with the Ital-
ian army and Captain John Meade as an observer
with the Ethiopian army. Their different conclusions
as to the role of chemical warfare in the war re-
flected the sides they observed. Major Fiske thought
the Italians were clearly superior and that victory
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for them was assured no matter what. The use of
chemical agents in the war was nothing more than
an experiment. He concluded:

From my own observations and from talking with
[Italian] junior officers and soldiers I have con-
cluded that gas was not used extensively in the
African campaign and that its use had little if any
effect on the outcome.®*®>")

His opinion was supported by others who felt that
the Ethiopians had made a serious mistake in aban-
doning guerrilla operations for a conventional war.
Captain Meade, on the other hand, thought that
chemical weapons were a significant factor in win-
ning the war. They had been used to destroy the
morale of the Ethiopian troops, who had little or
no protection, and to break up any attempts at con-
centration of forces. Captain Meade concluded:

It is my opinion that of all the superior weapons
possessed by the Italians, mustard gas was the most
effective. It caused few deaths that I observed, but
it temporarily incapacitated very large numbers
and so frightened the rest that the Ethiopian resis-
tance broke completely.*®?

Major General J. F. C. Fuller, assigned to the Ital-
ian army, highlighted the Italian use of mustard
agent to protect the flanks of columns by denying
ridge lines and other key areas to the Ethiopians.
He concluded:

In place of the laborious process of picketing the
heights, the heights sprayed with gas were ren-
dered unoccupiable by the enemy, save at the grav-
est risk. It was an exceedingly cunning use of this
chemical ¢!

Still another observer stated:

I think [where mustard] had [the] most effect was
on animals; the majority of the Ethiopian armies
consisted of a number of individual soldiers, each
with his donkey or mule on which he carried ra-
tions. These donkeys and mules ate the grass and
it killed them, and it was that which really broke
down morale more than anything.®®5

B. H. Liddell Hart, another military expert, com-
promised between the two schools of thought and
concluded:

The facts of the campaign point unmistakably to
the conclusion that mechanization in the broad
sense was the foundation on which the Italians’
military superiority was built, while aircraft, the

machine gun, and mustard gas proved the decisive
agents.*(P330)

All observers, however, seemed to agree that the
Italians would eventually have won whether chemi-
cal agents were used or not.

In general, the U.S. Army learned little new from
this war. The annual report for 1937 stated that
“situations involving the employment of chemical
agents have been introduced into a greater number
of problems.”® The CWS Chemical Warfare School
concluded that “the use of gas in Ethiopia did not
disclose any new chemical warfare tactics,”” but
only reconfirmed existing tactical use expectations.
The school also initiated a class for Army Air Corps
personnel (Figure 2-28).” One senior air corps of-
ficer, perhaps noting the successful Italian use of
spray tanks, commented, “We want that course re-
peated again and again until all of our people are
thoroughly awake to the necessity for training and
preparation.”?! %

Japanese Invasion of China

The next war that drew the interest of chemical
warfare experts was the Japanese invasion of China
in 1937. The Japanese, in addition to their biologi-
cal work, had an extensive chemical weapons pro-
gram and were producing agent and munitions in
large numbers by the late 1930s. During the result-
ing war with China, Japanese forces reportedly be-

Fig. 2-28. Aerial spraying of a Chemical Warfare School
class with tear gas during a training event. Photograph:
Chemical and Biological Defense Command Historical
Research and Response Team, Aberdeen Proving Ground,
Md.
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gan using chemical shells, tear gas grenades, and
lacrimatory candles, often mixed with smoke
screens.

By 1939, the Japanese reportedly escalated to
mustard agent and Lewisite. Against the untrained
and unequipped Chinese troops, the weapons
proved effective. The Chinese reported that their
troops retreated whenever the Japanese used just
smoke, thinking it was a chemical attack.”"*?

Preparing for the Next War

After the Italian—-Ethiopian War, the possibility
of war in Europe became the primary concern of
the U.S. Army. The CWS closely studied the chemi-
cal warfare capabilities of Germany and Italy, al-
though it missed the German development of nerve
agents.

The United States, although largely isolationist
in policy, followed the declining political situation
in Europe and decided to begin a gradual improve-
ment in its military posture. Official policy, how-
ever, was against the employment of chemical
warfare, and initially the CWS met with much re-
sistance. President Franklin D. Roosevelt detested
chemical warfare and in 1937 refused to permit the
redesignation of the CWS as a corps. There was no
ongoing chemical warfare in Europe to learn from,
and public opinion continued to be solidly against
any use of chemical weapons. In addition, the is-
sue of whether the CWS should field ground com-
bat units, particularly chemical mortar battalions,
distracted policy makers and was only resolved by
the U.S. Army Chief of Staff, who finally approved
two battalions just before the beginning of World
War I1.*

THE 1940s: WORLD WAR II AND THE NUCLEAR AGE

The start of World War II in 1939 and the rapid
collapse of France in the spring of 1940 stimulated
a major increase in the rate of American rearma-
ment. Although no major use of chemical and bio-
logical agents occurred, rumors and reports of in-
cidents of chemical and biological warfare attracted
the attention of intelligence officers. Although much
of Germany’s and Japan’s chemical and biological
weapons programs did not become known until
after the war, the actual threat was impressive.

During the war, Germany produced approxi-
mately 78,000 tons of chemical warfare agents. This
included about 12,000 tons of the nerve agent tabun,
produced between 1942 and 1945. Germany also
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produced about 1,000 Ib of sarin by 1945. The key
nerve agent weapons were the 105-mm and 150-mm
shells, the 250-kg bomb, and the 150-mm rocket. The
latter held 7 Ib of agent and had a range of about 5
miles when fired from the six-barrel Nebelwerfer
launcher (Figure 2-29). Mustard agent, however,
was still the most important agent in terms of pro-
duction, and the Germans filled artillery shells,
bombs, rockets, and spray tanks with the agent.
Phosgene, of somewhat lesser importance, was
loaded in 250- and 500-kg bombs. The Germans
were the greatest producers of nitrogen mustards
and produced about 2,000 tons of HN-3. This was
filled in artillery shells and rockets. They also had

Fig. 2-29. The 150-mm German Nebel-
werfer rocket projector was devel-
oped in the 1930s; one of its intended
uses was to disseminate chemical
agents. This fact was supposed to be
disguised by naming it the Nebel-
werfer (literally “smoke-screen layer”).
As events transpired during World
War II, Nebelwerfers were used ex-
clusively as rocket artillery, firing
high-explosive projectiles. Photo-
graph: Chemical and Biological De-
fense Command Historical Research
and Response Team, Aberdeen Prov-
ing Ground, Md.
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a large number of captured chemical munitions
from France, Poland, USSR, Hungary, and other
occupied countries.>?

Germany’s biological warfare program was much
less extensive than its chemical program. Most of
the Germans’ work was apparently with antiper-
sonnel agents such as the causative organisms of
plague, cholera, typhus, and yellow fever. They also
investigated the use of vectors to attack animals and
crops.?®

Japan produced about 8,000 tons of chemical
agents during the war. The Japanese loaded mus-
tard agent, a mustard-Lewisite mixture, and phos-
gene in shells and bombs and gained experience in
their use during their attacks on China. They also
filled hydrogen cyanide in mortar and artillery
shells, and in glass grenades. Japan’s biological
warfare program was also in full swing by World
War II, and many weapons had been laboratory-
and field-tested on humans.”

The possibility that massive chemical or biologi-
cal attacks could happen any day kept CWS offic-
ers pushing for preparedness. A newspaper article
reflected the common prediction circulating in the
press:

European military authorities have predicted
that gas would be used in the present war, if at any
time the user could be sure of an immediate and
all-out success from which there could be no
retaliation.”®®3”

Major General William N. Porter (Figure 2-30),
the new chief of the CWS, warned that Hitler was
likely to use chemical weapons “at any moment.”
He also felt that “No weapon would be too bad to
stop or defeat Hitler”**"" and wanted to “fight fire
with fire in the event an enemy chooses to use poi-

95(p36
son gas.”*®%

Preparing for Chemical Warfare

During the massive 1941 training maneuvers, the
U.S. Army used a scenario that called for no first
use of chemical weapons by either side. Troops car-
ried gas masks, but were to wear them only in ar-
eas designated as being under gas attack. Simulated
chemical agent attacks were made by placing signs
stating “Mustard Gas” in various areas and, in some
cases, using molasses residuum, a popular mustard
simulant. However, in the latter case, the army ran
into a serious problem of getting the stains out of
their uniforms. Despite this hitch, at least one par-
ticipant concluded:

Fig. 2-30. Major General William N. Porter commanded
the Chemical Warfare Service during World War II. Pho-
tograph: Chemical and Biological Defense Command
Historical Research and Response Team, Aberdeen Prov-
ing Ground, Md.

There was clear evidence that distinct progress was
made during the maneuvers in arousing interest
in the use of chemical warfare means and methods
under battlefield conditions. As a result, a greater
portion of the command, staff, and rank and file
are undoubtedly more cognizant of how chemicals
might be used against them, and what counter-
measures to take.”*®'”

While planning for a more traditional, European-
style war, the CWS also monitored Japan’s use of
chemical weapons in China. U.S. Army interest in
chemical warfare preparation rose significantly,
since Japan was already employing chemical weap-
ons.”

The CWS, however, found itself hardly prepared
to fight a major chemical war on the level of World
War I. Increased budgets and personnel helped with
war planning, but to actually field chemical weap-
ons and build chemical stockpiles first required in-
dustrial mobilization and massive production.

The national emergency declared prior to the war
increased the size of the CWS to over 800 officers
and over 5,000 enlisted men, with civilian strength
keeping pace. Appropriations, which had already
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passed $2 million per year, jumped to $60 million
as successive military supplements increased the
fiscal 1941 budget. The CWS rapidly increased its
productive capacity and improved nationwide pro-
curement district offices to expand its mobilization
basis.”

The Growth of the Chemical Warfare Service

When World War II finally engulfed the United
States on 7 December 1941, the transition to war-
time conditions was much less sudden than in 1917,
primarily owing to the extensive mobilization ac-
tivity of the preceding 2 years. Porter, who served
as the chief throughout the war, found under his
command not the skeletonized CWS of the 1930s
but a large and rapidly growing organization,
whose personnel numbered in the thousands,
physical facilities were scattered throughout the
eastern half of the country, and products were in
urgent demand by an army rapidly growing to
multimillion-man strength.

More than 400 chemical battalions and compa-
nies of varying types were activated during the
course of the war, and a large proportion of them
saw service overseas. Chemical mortar battalions
and companies, using high-explosive and smoke
shells in the 4.2-in. chemical mortars, gave close
artillery-type support to infantry units in every the-
ater. Smoke generator battalions and companies
screened troop movements as well as fixed instal-
lations. Depot companies stored, maintained, and
issued material; processing companies kept up the-
ater stocks of protective clothing; decontamination
companies backed up chemical defense postures;
and laboratory companies provided technical intel-
ligence assessments of captured chemical material.
Chemical maintenance companies repaired and re-
worked equipment, performing especially critical
tasks in keeping the mortar units firing. Chemical
service units, organized to provide a broad spec-
trum of capabilities, performed most or all of the
service and logistical functions already mentioned
on a smaller scale where full-sized specialized com-
panies were not authorized, or not available. Finally,
a full complement of chemical service units sup-
ported the operations of the Army Air Force, espe-
cially in the storage and handling of incendiary
bombs. In addition to the field organizations, each
theater, army group, and army headquarters had a
chemical staff in their headquarters elements.

The production and storage needs of a rapidly
growing military establishment could not be met
by Edgewood Arsenal alone. The CWS quickly con-
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structed new installations: arsenals at Huntsville,
Alabama, Denver, Colorado, and Pine Bluff, Arkan-
sas; a chemical /biological proving ground in Utah;
protective-clothing plants at Columbus, Ohio, Kan-
sas City, Missouri, and New Cumberland, Pennsyl-
vania; charcoal-filter plants at Zanesville and
Fostoria, Ohio; and impregnate factories at Niagara
Falls, New York, East St. Louis, Illinois, and Mid-
land, Michigan.??

Chemical Agents

The CWS agent production initially concentrated
on the World War I agents. Approximately 146,000
tons of chemical agents was produced by the United
States between 1940 and 1945. Phosgene (CG) was
produced at Edgewood Arsenal; the new Huntsville
Arsenal; and the Duck River Plant owned by
Monsanto Chemical Company in Columbia, Tennes-
see. These plants produced about 20,000 tons of the
agent during the war. Mustard agent (HS) was pro-
duced at Edgewood Arsenal; Rocky Mountain Ar-
senal, Denver, Colorado; Pine Bluff Arsenal; and
Huntsville Arsenal (Figures 2-31 and 2-32). By the
end of the war, these plants produced over 87,000
tons of the agent. Lewisite (L) was produced at a
small pilot plant at Edgewood Arsenal and later at
Huntsville Arsenal, Pine Bluff Arsenal, and Rocky
Mountain Arsenal. Approximately 20,000 tons of the
agent was produced before the plants were shut
down in 1943. Cyanogen chloride (CK) was pro-
duced at the American Cyanamid Company plant
in Warners, New York, and at the Owl Plant in
Azusa, California. About 12,500 tons of the agent
was procured during the war. Hydrogen cyanide
(AC) was produced by Du Pont and the American
Cyanamid Company. Only about 560 tons of the
agent was procured by the CWS.

The leadership of the CWS took interest in the
nitrogen mustards after they learned that the Ger-
mans were producing it. HN-1 was produced at
Edgewood Arsenal in a small pilot plant and later
at Pine Bluff Arsenal, which produced about 100
tons of the agent. The British also investigated HN-
2 and HN-3, but the United States did not produce
the latter two agents.

Investigation of ways to improve the purity of
mustard agent resulted in the discovery that wash-
ing the agent with water and then distilling it pro-
duced a much more pure product. The new agent
was called distilled mustard agent (HD). Edgewood
Arsenal used a pilot plant to produce some of the
agent in 1944 and then a full-scale plant was com-
pleted at Rocky Mountain Arsenal the next year. By
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Fig. 2-31. Interior view of the Mustard Agent Plant at
Edgewood Arsenal, Md., showing a soldier filling a 1-
ton container with the agent. The operator is wearing a
protective mask. Concerns regarding occupational haz-
ards evidently dictated a higher standard of personal
protection than was apparent during World War I (see
Figure 2-7). Photograph: Chemical and Biological De-
fense Command Historical Research and Response Team,
Aberdeen Proving Ground, Md.

the end of the war, over 4,600 tons of the agent was
produced.*

Chemical Weapons

The heart of the CWS offensive capability was
the chemical mortar. In December 1941, there were
only 44 chemical mortars on hand. This was quickly
corrected, as the demand for the versatile weapon
increased after each major usage. The continued
need for greater range, accuracy, durability, and
ease in manufacturing resulted in the improved M2
4.2-in. mortar in 1943. The M2 had a maximum

Fig. 2-32. Unloading mustard agent from 1-ton contain-
ers on flat cars at Pine Bluff Arsenal, Arkansas, in 1943.
Apparently unloading and loading mustard agent were
considered to constitute different hazards (see Figure 2-
31). Note that the operator is wearing a face shield, apron,
and gloves, but not a protective mask. Photograph:
Chemical and Biological Defense Command Historical
Research and Respeonse Team, Aberdeen Proving
Ground, Md.

range of 4,400 yd, which was later increased to 5,600
yd by modifying the propellant in test firings at
Edgewood Arsenal in 1945. Despite a slow start, the
M2 series 4.2-in. chemical mortar rapidly became
the central weapon of the CWS, not only for chemi-
cal agent delivery if needed, but also for high-ex-
plosive, smoke, and white phosphorus rounds.
Over 8,000 chemical mortars were procured by the
CWS for chemical mortar battalions during the
War.3’26’98

The other offensive weapons for chemical agent
attack were to be delivered by either the artillery
or the air force. The artillery had available 75-mm,
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Fig. 2-33. Diagram of the M60 105-mm mustard shell,
with the cartridge case attached. Photograph: Chemical
and Biological Defense Command Historical Research
and Response Team, Aberdeen Proving Ground, Md.

105-mm, and 155-mm chemical rounds that were
filled primarily with mustard agent but that also
contained Lewisite (Figure 2-33). In 1945, the CWS
standardized the first chemical rockets: a 7.2-in.
version used phosgene and cyanogen chloride, fired
from a 24-barrel, multiple-rocket launcher platform;
and a smaller 2.36-in. cyanogen chloride-filled ba-
zooka round.

The U.S. Army Air Force had 100-1b mustard
agent bombs (Figure 2-34); 500-1b phosgene or cy-
anogen chloride bombs; and 1,000-1b phosgene, cy-
anogen chloride, or hydrocyanic acid bombs. In
addition, the new M33 spray tank could hold 750
to 1,120 Ib of mustard agent or Lewisite. None of
these chemical weapons were used on the battle-
field during the war.3**'%

The prepositioning of chemical weapons in for-
ward areas in case of need resulted in one major
disaster and several near disasters. The one major
disaster occurred 2 December 1943, when the SS
John Harvey, loaded with 2,000 M47A1 mustard

Fig. 2-34. Open storage of M47 100-1b chemical bombs
on Guadalcanal Island in 1944. This important lesson is
frequently forgotten: it was necessary to take along the
full spectrum of chemical weaponry wherever U.S. troops
were deployed. Photograph: Chemical and Biological
Defense Command Historical Research and Response
Team, Aberdeen Proving Ground, Md.
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agent bombs, was destroyed after a German air raid
at Bari Harbor, Italy. The only members of the crew
who were aware of the chemical munitions were
killed in the raid. As a result of the destruction of
the ship, mustard agent contaminated the oily wa-
ter in the harbor and caused more than
600 casualties, in addition to those killed or injured
in the actual attack. The harbor clean-up took 3
weeks and used large quantities of lime as a

decontaminant.!”!

Defensive Equipment

At the beginning of the war, the CWS designed
and issued the M1 Training Mask, which used a
small, lightweight filter connected directly to the
facepiece. The facepiece was the first to use a fully
molded rubber faceblank. The original concept of a
training mask was that complete protection from
all chemical agents was not required; therefore,
there was no need for the state-of-the-art canisters.
However, soldiers liked the new facepieces enough
that the CWS standardized the M1 Training Mask
as the M2 Service Mask in 1941. The mask utilized
the original M1A2 mask’s M9A1 canister, which was
a bulky steel canister that, when combined with the
facepiece, weighed 5 Ib (Figure 2-35). Over 8.4 mil-

Fig. 2-35. The M2 series Service Mask. Photograph:
Chemical and Biological Defense Command Historical
Research and Response Team, Aberdeen Proving Ground, Md.
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Fig. 2-36. The M3 series lightweight gas mask. Photo-
graph: Chemical and Biological Defense Command His-
torical Research and Response Team, Aberdeen Proving
Ground, Md.

lion of the M2 series masks were procured during
the war, but they were used only for training.

The existing M1 and M2 series protective masks,
with their molded rubber faceblanks and heavy
canisters, proved a significant problem for the mili-
tary. First, there was a shortage of rubber during
World War II. Second, the weight of the mask with
canister needed to be reduced, particularly for am-
phibious assaults. The continued need for a light-
weight combat mask resulted in the M3 series mask.
First standardized in August 1942, the M3 made
several changes to the M2 design. In the facepiece,
anosecup covering the nose and mouth was added
to prevent lens fogging. The canister was modified
to be carried on the chest instead of the side; was
much lighter (the overall weight decreased to just
3.5 1b); and had a more efficient absorbent (Figure
2-36). Eventually, over 13 million M3 series masks
were procured during the war.

Production problems with the new molds, how-
ever, caused the CWS to issue the M4 series light-
weight mask. This mask used a modified M2 series
facepiece with a nosecup to prevent lens fogging.
Only about 250,000 of the masks were produced.

By 1944, with a major invasion of Europe by U.S.
forces pending, the army requested a better assault
mask that was even lighter and less bulky than the
M3 series. To meet this requirement, the CWS re-
turned to the original German World War I design,
which put the canister directly on the facepiece. The

Fig. 2-37. The M5 Combat Service Mask, the first U.S.
mask with the canister placed directly on the cheek. The
M5 mask was part of the personal equipment of the
troops who landed at Normandy on 6 June 1944. Post-
war tests indicated that it might have protected against
respiratory exposure to the nerve agent tabun if the Ger-
mans had chosen to use it against the invasion armada.
Photograph: Chemical and Biological Defense Command
Historical Research and Response Team, Aberdeen Prov-
ing Ground, Md.

result was the M5 Combat Mask, which was stan-
dardized in May 1944 (Figure 2-37). Due to the
shortage of rubber, the M5 mask was the first to use
synthetic rubber (neoprene) for the facepiece. This
mask eliminated the hose from canister to facepiece
by mounting the new M11 canister directly on the
cheek. The M11 canister used ASC Whetlerite char-
coal, which proved better protection against hydro-
cyanic acid, a chemical agent discovered in a Japa-
nese grenade shortly after the attack on Pearl Harbor
(Figure 2-38). Although the M5 weighed a mere
half-pound less than the M3, more than 500,000
were procured during the war. The U.S. soldiers
who landed at Normandy carried this mask with
them.

During the war, the CWS also initiated a major
civil defense program to protect civilians against
both chemical and biological weapons. Of particu-
lar concern were protective devices for children.
With the help of Walt Disney, a Mickey Mouse gas
mask was designed for children, in the hope that
they would not be frightened if they had to wear it,

and a tentlike protector was designed for in-
fantS.26’30'102_104
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Fig. 2-38. A Japanese frangible hydrocyanic acid grenade,
copper stabilized type. Photograph: Chemical and Bio-
logical Defense Command Historical Research and Re-
sponse Team, Aberdeen Proving Ground, Md.

For collective protection, the CWS concentrated
on improving the bulky M1 Collective Protector for
field use. A somewhat lighter version, the M2, was
standardized in 1942. It provided the same amount
of air but weighed just over 600 Ib. A still-lighter
version, the M3, was also standardized the same
year. It weighed only 225 Ib and provided 50 cu ft
of air per minute.”

The CWS also tried to improve the detection ca-
pability for toxic chemical agents, particularly blis-
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ter agents. The early war efforts included the M4
Vapor Detector Kit, which could detect even faint
concentrations of mustard agent; M5 liquid detec-
tor paint; M6 liquid detector paper; and the M7 de-
tector crayon. These all proved relatively good for
detecting mustard and Lewisite. The development of
the M9 Chemical Agent Detector Kit in 1943 proved
to be one of the most significant developments of the
CWS during the war. Described in news releases as
being as “effective as a modern burglar alarm,”'® the
kit consisted of a sampling pump, four bottles of re-
agents, and six clips of detector tubes. The kit could
detect small amounts of mustard agent, phosgene,
and arsenicals by color changes. It was simple to
use and did not require a chemist to make the tests.
An improved version of the World War I orchard
sprayer decontamination apparatus was fielded to
provide ground and equipment decontamination.
It could also be used for plain water showers for
soldiers (Figure 2-39). For treatment of gas casual-
ties, the CWS standardized the M5 Protective Oint-
ment Kit. This kit came in a small, waterproof con-
tainer and held four tubes of M5 Protective Oint-
ment wrapped in cheesecloth and a tube of BAL
(British anti-Lewisite) Eye Ointment. The protective
ointment was used to liberate chlorine to neutral-
ize vesicant agents on the skin. The BAL ointment
neutralized Lewisite in and around the eye by
changing it to a nontoxic compound. Over 25 mil-
lion of the kits were procured for the army.?**>'%

Biological Warfare Program

The apparent use of cholera, dysentery, typhoid,
plague, anthrax, and paratyphoid by the Japanese

Fig. 2-39. The 400-gal decontaminat-
ing apparatus was also used to pro-
vide water showers for the troops on
Iwo Jima. Like the actual weapons,
all the associated paraphernalia of
chemical warfare had to go with the
deployed combat forces. Useful alter-
native work was found for decon-
tamination apparatuses, however, in
contrast to the bombs shown in Fig-
ure 2-34. Photograph: Chemical and
Biological Defense Command His-
torical Research and Response Team,
Aberdeen Proving Ground, Md.
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against Chinese troops finally led to an American
decision to conduct research and establish a retal-
iatory biological warfare capability. In response to
the potential threat, in 1941 (prior to the attack on
Pear]l Harbor), Secretary of War Harry L. Stimson
asked the National Academy of Sciences to appoint
a committee to study biological warfare, appropri-
ately named the Biological Warfare Committee. This
committee did not have time to prepare before the
war came. This left the army unprepared for the
threat of biological warfare by Japan.

Immediately following the attack on Pearl Har-
bor, the army’s Hawaiian Department took special
precautions against biological attack by both exter-
nal enemies and local residents. Guards were placed
on the water supplies in Hawaii to protect against
sabotage by biological warfare, and daily checks for
chlorine content were made. Food production
plants were also guarded, and drinking fresh (but
not canned) milk, in particular, was banned. A gen-
eral order was issued prohibiting the sale of poi-
sons to the general public except under special cir-
cumstances.

In February 1942, the Biological Warfare Com-
mittee recommended that the United States should
take steps to reduce its vulnerability to biological
warfare. In response, Secretary Stimson recom-
mended to President Roosevelt that a civilian orga-
nization should be established to accomplish the
mission. After the president approved the plan, the
War Research Service (WRS) was formed in August
1942 under the leadership of George W. Merck,
president of Merck Company, a pharmaceutical
company. The WRS was only a coordinating com-
mittee attached to the Federal Security Agency; it
used existing government and private institutions
for the actual work. It drew its scientific informa-
tion from a committee of scientists from the Na-
tional Academy of Sciences and the National Re-
search Council.

In December 1943, U.S. intelligence reports pre-
dicted that Japan might use biological warfare. At
the same time, tests indicated that masks made in
the United States gave poor protection against simu-
lated biological agents. In response to these threats,
the CWS (1) developed a special outlet-valve filter
for the masks and (2) rushed delivery of some
425,000 under special security conditions to the is-
land of Saipan in case biological warfare actually
started.

In January 1944, the complete biological warfare
program was transferred from the WRS to the War
Department, and the WRS was abolished. The War
Department divided the biological warfare program

Fig. 2-40. The first biological warfare agent laboratory at
Camp Detrick, Md. Photograph: Chemical and Biologi-
cal Defense Command Historical Research and Response
Team, Aberdeen Proving Ground, Md.

between the CWS and The U.S. Army Surgeon Gen-
eral. The CWS took responsibility for agent research
and production, foreign intelligence, and defensive
means. The Surgeon General was to cooperate with
the CWS on the defensive means. Merck, the former
leader of the WRS, became a special consultant to
the program.

This arrangement was modified in October 1944,
when the secretary of war established the U.S. Bio-
logical Warfare Committee with Merck as the chair-
man. The CWS assigned the biological warfare pro-
gram to its Special Projects Division. At its peak,
this division had 3,900 army, navy, and civilian
personnel working on various programs.”*'%

Initially, the army’s biological warfare program
was centered at Edgewood Arsenal. In April 1943,
Detrick Air Field near Frederick, Maryland, was
acquired by the CWS and was activated as Camp
Detrick. Four biological agent production plants
were started at Camp Detrick to meet the army’s
needs (Figure 2-40). Pilot Plant No. 1, activated in
October 1943 for the production of botulinum toxin,
was located in the Detrick Field hangar. Pilot Plant
No. 2, completed in March 1944, produced the an-
thrax simulant Bacillus globigii and actual anthrax
spores. Pilot Plant No. 3, completed in February
1945, produced plant pathogens. Pilot Plant No. 4
was completed in January 1945 and produced, in
embryonated eggs, the bacteria that cause brucel-
losis and psittacosis (Figure 2-41). Additional
smaller pilot plants were set up to explore the many
other antipersonnel, antianimal, and antiplant
agents examined in Camp Detrick’s laboratories.

The existing Vigo Ordnance Plant near Terre
Haute, Indiana, was also acquired by the CWS in
1944 for conversion into a biological agent- and
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Fig. 2-41. Camp Detrick, Md., 16 July 1945. These techni-
cians at the Egg Plant are disinfecting and drilling eggs
prior to inoculating them with Brucella suis or Chlamydia
psittaci, the bacteria that cause brucellosis and psittaco-
sis. Viral agents such as Venezuelan equine encephalitis
virus were also produced in eggs. This pilot facility had
incubator capacity for approximately 2,000 chicken eggs.
Depending on the agent being produced, eggs were in-
cubated for approximately 1 to 10 days between inocu-
lation and harvest. The work was done by hand, in as-
sembly-line fashion, with little mechanical assistance.
Preparing biological warfare agents in this manner is a
labor-intensive process. Photograph: Chemical and Bio-
logical Defense Command Historical Research and Re-
sponse Team, Aberdeen Proving Ground, Md.

weapon-production plant. This plant was divided
into four main subplants: agent production, muni-
tions assembly, munition packaging and storage,
and the animal farm. Although the plant was con-
sidered ready to produce biological agents by the
summer of 1945, none were actually produced.

Weaponization of biological agents made tremen-
dous progress, considering that the CWS started
from nothing. Anthrax was considered the most
important agent. Although no dissemination of an-
thrax in a weapon was accomplished in the United
States before the end of the war, anthrax simulant was
tested in large 100-1b and 115-Ib bombs, and small 10-
Ib bombs, shotgun shell (SS) bombs, and the 4-1b SPD
Mk I bomb. The smaller bombs, suitable for use in
larger cluster bombs, proved the most successful in
static tests. Only the SPD Mk I bomb was considered
ready for production, and the first and apparently only
large-scale munition order was placed at Vigo in June
1944 for production of 1 million of the bombs. The
order was canceled with the end of the war.

The U.S. Biological Weapons Program also tar-
geted German and Japanese vegetable crops. Tests
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of anticrop bombs included using spores of brown
spot of rice fungus and 2,4-dichlorophenoxyacetic
acid (known as VKA, for vegetable killer acid) in
the SPD Mk Il bomb and a liquid (VKL, for vegetable
killer liquid) in the M-10 spray tank. Scientists also
worked on defoliants in the program.*'%

In 1944 and 1945, there was a sudden interest in
the possibility that Japan was attempting to attack
the United States by placing biological agents on
balloons that then floated across the ocean. In fact,
some 8,000 to 9,000 balloons were launched by Japan
against the United States, however, those recovered
in the United States contained only high-explosive
and incendiary bombs meant to start forest fires.
These balloons continued to turn up several years
after the war.*

U.S. Chemical Warfare Policy

President Roosevelt established a no-first-use
policy for chemical weapons early in the war. In
1943, this was reiterated in an official statement:
“We shall under no circumstances resort to the use
of such [chemical] weapons unless they are first
used by our enemies.”’””®® The policy was backed
up by a statement of warning;:

Any use of gas by any axis power, therefore, will
immediately be followed by the fullest possible
retaliation upon munition centers, seaports and
other military objectives throughout the whole ex-
tent of the territory of such axis country.'”p¢"

Neither Germany nor Japan chose to initiate
chemical warfare with the United States. The CWS
spent the war training troops; designing chemical,
incendiary, smoke, high explosive, and flame weap-
ons, and protective equipment; and planning for a
chemical war that never occurred. It was a tremen-
dous “just-in-case” effort.

Toward the end of the war with Japan, the com-
bination of President Roosevelt’s death, the ex-
tremely costly battles of Iwo Jima and Okinawa, and
the planned invasion of the Japanese homeland led
the army to look at the possibility of initiating
chemical warfare to save American lives. One such
proposal began:

Our plan of campaign against the Japanese is one
which we think will bring the war against Japan to
the quickest conclusion and cut our cost in men and
resources to the minimum. Japan’s complete defeat
is assured providing we persevere in this plan, the
only question remaining being how long the war
will last and what the cost will be of achieving fi-
nal victory. These questions will be answered not
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alone by the tactics employed in the execution of
the plan but also by the weapons used. Gas is the
one single weapon hitherto unused which we can
have readily available and which assuredly can
greatly decrease the cost in American lives and
should materially shorten the war.%

The proposal concluded by recommending that the
president change the policy on no first use of chemi-
cal weapons and coordinate the plan with the Brit-
ish and Russians.'”®

The senior staff, however, concluded that chemi-
cal warfare would only complicate the invasion of
Japan and would not be a decisive weapon. In ad-
dition, coordinating and preparing America’s allies
for chemical warfare were also perceived as major
problems. The use of the atom bomb in 1945 effec-
tively ended the discussion.*'"”

Lessons Learned

The U.S. Army learned several lessons from this
nongas war that the CWS followed. Although per-
haps more a finger-pointing exercise, the phrase
“had the United States been prepared for war in
1939, there would not have been a war”"'%®? wag
taken as a self-evident truth. The CWS needed to
be a permanent organization that concentrated on
training, research and development, and chemical
warfare preparedness. This same lesson, from a
slightly different angle, was reflected in the words
of Under Secretary of War Kenneth C. Royall to the
chemical warfare specialists, “The better job you do
the less likely it is that you will have to put to ac-
tual use the products of your work.”""®4!)

Demobilization and the Creation of the
Chemical Corps

The army began demobilization activities almost
immediately on the president’s proclamation of the
end of hostilities. By early 1946, the CWS was ef-
fectively demobilized, and its military strength ap-
proached prewar levels. One observer commented:
“Gas warfare is obsolete! Yes, like the cavalry and
horsedrawn artillery, it is outmoded, archaic, and of
historical interest only. This is the atomic age!” %"

To preserve the CWS from total disintegration,
Major General Porter, the chief of the CWS, made a
vigorous advocacy of the distinctive character and
important role of the CWS before an army board
considering postwar organization. The result was
the permanency long sought by the chemical pro-
gram, a corps designation. The army finally agreed
that the CWS, along with the other Technical Ser-

vices, should continue its existence as a distinct
entity in the peacetime army. On 2 August 1946,
Public Law 607 changed the name of the CWS to
the Chemical Corps.'”

After World War II, as western defense became
increasingly based on the threatened use of nuclear
weapons, the Chemical Corps’s mission expanded
to include radiological protection as well as chemi-
cal and biological research and development. At the
same time, the Corps concentrated on producing
and fielding nerve agent weapons and the assorted
detection and decontamination equipment required.

Major General Alden H. Waitt, who replaced
Porter in November 1945, assessed the future of
chemical warfare in 1946:

The fact that toxic gas was not used in the late war
does notjustify a conclusion that it will not be used
in the future. Gas has not been out-moded as a
weapon. The Germans developed new gases dur-
ing World War II. The magnitude of their prepared-
ness for gas warfare is indicated by the fact that
they had amassed more than a quarter of a million
tons of toxic gas; their failure to use this gas against
us is attributable largely to their fear of our retal-
iatory power. We cannot count upon other nations
refraining from the use of gas when it would serve
their purpose. There were numerous instances in
the late war in which the use of gas might have
had far-reaching results. Thus, there is no good rea-
son for assuming that the considerations which
prevented the employment of gas in World War II
will prevail in the future.’

On the topic of biological warfare, he acknowledged
it as a new field that still required much work:

The tremendous potentialities of biological warfare
in the future demand that the necessary tactics and
employment in the field be worked out well in ad-
vance so that such means may be used immediately
and effectively once a decision to do so is made. It
is essential that Chemical Officers on the staffs of
divisions and higher units, including equivalent
Army Air Force elements, be in a position to ad-
vise their Commanders relative to the capability,
limitations and means of protection against this
new method of attack. Further, they must be able
to prepare suitable offensive and defensive plans
and to supervise such training of troops in these
methods as may be required.’

Demilitarization of Captured Weapons
Following the occupation of Germany and Japan,

the Allies initiated a sea-dumping and weapons
disposal program to eliminate the large stockpiles
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Fig. 2-42. Dumping weapons into the sea was not the
Allies’” only method of disposing of them. These 150-mm
German nitrogen mustard (HN-3) rockets are wired with
prima cord for destruction. Photograph: Chemical and
Biological Defense Command Historical Research and
Response Team, Aberdeen Proving Ground, Md.

of captured chemical agents (Figure 2-42). Opera-
tion Davy Jones Locker involved sinking ships that
contained German weapons in the North Sea. How-
ever, not all the German weapons were destroyed.
Between 1945 and 1947, over 40,000 of the 250-kg
tabun bombs, over 21,000 mustard bombs of vari-
ous sizes, over 2,700 nitrogen mustard rockets, and
about 750 tabun artillery shells of various sizes were
shipped to the United States. In addition to dispos-
ing of the enemy stockpiles, the United States also
dumped the U.S. Lewisite stockpile into the sea
during Operation Geranium in 1948.>"°

Post-World War II Developments

Although the late 1940s was not a time for many
dramatic developments, the Chemical Corps was
able to issue a new gas mask in 1947. Designated
the M9 series, it was an improved version of the
M5 mask (Figure 2-43). This mask utilized a supe-
rior synthetic rubber composition that worked bet-
ter in cold weather than the neoprene of the earlier
mask.”
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In 1948, the army partially standardized sarin
and the year after, tabun. In 1948, the army also is-
sued a new circular'® on G-series nerve agents and
a technical bulletin'” on the treatment of nerve
agent poisoning.’ The circular provided current in-
formation on detection, protection, and decontami-
nation of nerve agents. For detection, the M9 and the
improved M9A1 detection kits, standardized in 1947,
could detect vapor after a complicated procedure:

To make test, tear off lead wrapper and heating pad.
Insert blue dot end of the glass tube into pump.
Slowly take 25 full pump strokes. Remove from
pump, and heat tube with matches or cigarette
lighter for about 5 seconds. (Avoid excessive heat-
ing of tube, since this will char contents of the tube
and invalidate the test results.) After tube is cool,
add liquid from blue bottle to unmarked end of the
tube. If gas is present, a blue ring will form in the
upper end of the tube.'®

For droplets, the M5 detector paint and the M6 de-
tector paper both turned from olive green to red.
None of the detectors provided any advance warn-
ing, and all merely confirmed the presence of the
agents after the fact.

Fig. 2-43. The M9 series gas mask. Photograph: Chemi-
cal and Biological Defense Command Historical Research
and Response Team, Aberdeen Proving Ground, Md.
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For protection, the circular simply stated that the
current mask “gives protection for the eyes and res-
piratory tract and for the skin covered by the
facepiece.”"® Additional required items were imper-
meable clothing worn over a layer of ordinary cloth-
ing, rubber boots, and rubber gloves.

Decontamination of nerve agents was still a prob-
lem. DANC was not suitable. Bleach slurry and di-
lute water solutions of alkalies were reported as
effective decontaminants. Hot soapy water was also
recommended, while cold water only partially de-
contaminated the agents."*

The technical bulletin'’ pointed out that contami-
nation by nerve agents could come via breathing
the vapors or body contact with the liquid, and that
death could occur in a few minutes. The bulletin
then outlined the suggested treatment for expo-
sures:

The treatment of poisoning is based essentially
upon the blocking of excessive nervous activity, due
to the direct effects of the poison and to apprehen-
sion, fear, physical activity, and external stimuli.
Quiet, reassurance, and gentle handling of the ca-
sualty are therefore essential. Atropine sulfate (1.0
mg) should be given by intravenous or intramus-
cular injection very promptly. This effectively
blocks the excessive activity of smooth muscle and
glands, and also controls convulsions.'”

However, should this not work:

In the event of impending respiratory failure, all
drug therapy may be ineffective. Under such cir-
cumstances, artificial respiration may prove to be
the only life-saving procedure.’”

How artificial respiration could be conducted in a
contaminated environment was not addressed.

Beginning of the Cold War

The declining relations with the Soviet Union
caused that country to become the number one in-
telligence target for chemical warfare preparations.
Intelligence reports noted with alarm that toward
the end of World War II, the Soviets had captured a
German nerve agent production facility and had
moved it back to their country.”"®

Other studies described the Soviets as ready to
conduct chemical attacks should open warfare
break out. In 1949, Waitt reported:

Intelligence reports indicate extensive preparation
for gas warfare by the USSR with current Soviet
superiority over the U.S. in this field as to stock-
piles of gas munitions, currently operating war-gas
plant capacity, and Soviet ability to maintain this
superiority for at least 12 months after the start of
hostilities, assuming the U.S. gas warfare position
is not improved prior to M-Day."®

His recommendations were to increase chemical
training, replace the aging World War II-era equip-
ment and munitions, and then achieve a much
higher state of readiness."®

One of the first Cold War actions that involved
the Chemical Corps was the Berlin Blockade in 1949.
Cold weather caused frost to build up on the air-
planes flying to Berlin with supplies. The accepted
method of ice removal was to use brooms to sweep
the ice off. This slow and dangerous work was re-
placed by the corps’s using decontamination trucks
to spray isopropyl alcohol, which was used as a
deicer since glycerin was not readily available. A
large plane could be deiced in about 5 minutes, and
the corps was credited with keeping the airplanes
from being delayed by frost."’

THE 1950s: HEYDAY OF THE CHEMICAL CORPS

Korean War

In June 1950, with the onset of the Korean War,
the Chemical Corps participated in its first military
action. The corps quickly implemented an increased
procurement program to supply the army with a
retaliatory chemical capability and defensive equip-
ment. Major General Anthony C. McAuliffe, the
new Chief of the Chemical Corps, concluded that
this ability was the number one lesson learned from
World War II:

It required the experiences of World War II to dem-
onstrate that the most important basic factor in a
nation’s military strength is its war production
potential and ability to convert smoothly and
quickly its industry, manpower, and other eco-
nomic resources. 2284

Within a short time, however, the army’s policy
on chemical warfare and the lessons learned from
the past were hotly disputed, particularly as the
military situation in Korea changed. First, the
Chemical Corps lost its high-visibility ground
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weapon, the 4.2-in. chemical mortar. Responsibil-
ity for research, development, procurement, stor-
age, issue, and maintenance of all 4.2-in. mortars
and ammunition was transferred to the Ordnance
Department on 31 December 1947 by order of the
Chief of Staff, Department of the Army. The excep-
tion was the responsibility for chemical fillings for
mortar shells, which remained with the Chemical
Corps. This event represented the end of the Chemi-
cal Corps’s role in the development of the 4.2-in.
chemical mortar. In 1951, the Ordnance Department
completed the development of a new 4.2-in. (later
designated the 107-mm) mortar, the M30, to replace
the M2. The loss of the 4.2-in. mortar moved the
Chemical Corps away from being a combat arm and
left it a combat support arm."!

The action in Korea also brought up the subject
of whether to initiate chemical warfare to save lives.
Many of the Chemical Corps’s supporters favored
the use of chemical weapons as humane weapons
of war, particularly to offset the enemy’s superior
numbers. One writer, upset with negative public
opinion toward chemical weapons and the army’s
policy of retaliation only, wrote:

Has this concept and this attitude been reflected in
our military planning and our military prepara-
tions? If, in an effort to “make the most” of our
military expenditures we have failed to stock up
to the fullest requirements in the matter of toxic
weapons on the premise that such weapons “might
not be used again, as they were not used in World
War II,” we may have made a major military deci-
sion on the basis of a fatally unsound assumption.'?®?

Another officer stated it much more bluntly:

The use of mustard, Lewisite and phosgene in the
vast quantities which we are capable of making and
distributing offers the only sure way of holding
Korea at the present time. We are not playing
marbles. We are fighting for our lives. Let’s use the
best means we have to overwhelm the enemy sci-
entifically and intelligently.'>®®

Again, however, neither side chose to initiate chemi-
cal and biological warfare and the corps supported
the war through its many other programs, particu-
larly smoke and flame. Much as it had done during
World War II, the United States did not change its
policy about no first use of chemical weapons.
Although there were allegations by the North
Koreans and the Chinese that U.S. forces employed
chemical and biological weapons on the battlefield,
the Chemical Corps apparently did not use such
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weapons. The corps did, however, use riot control
agents to quell riots of prisoners of war. In 1968, a
Czech general defected to the United States and
reported that U.S. prisoners of war were used for
biological tests by the Russians in North Korea. These
allegations have yet to be confirmed by the Russians
and were vigorously denied by the North Koreans."*

The Chemical Corps ended the Korean War in a
much stronger position than it faced after the end
of World War II. The corps reduced its units and
manpower somewhat, and terminated many of its
procurement contracts in the months following the
1953 armistice. Still, Major General Egbert F.
Bullene, the new Chief Chemical Officer summed
up the feeling of the corps about the Korean War
and the Cold War in general: “Today, thanks to Joe
Stalin, we are back in business.”?>®®

Changes in the Chemical Corps

During the 1950s, the concept of warfare, and
chemical and biological warfare continued to
change radically. The phrase that one could “push
a button” to start a war became exceedingly popu-
lar. The lesson learned from the Korean War—the
concept of a limited war, fought without nuclear
weapons and possibly against satellite states, not
the “real enemy”—determined much of the army’s
planning. The fact, however, that two wars had
come and gone without the employment of chemi-
cal and biological weapons made it necessary for
successive Chief Chemical Officers to work continu-
ally to remind the army and the country that this
might not be the case again, and that the capabili-
ties of the Chemical Corps constituted insurance
against the possibility of chemical or biological at-
tack in the future.

Throughout the 1950s, the corps conducted sev-
eral extensive studies to change its organization and
improve its training capabilities. One significant
improvement was the activation of a new training
center at Fort McClellan, Alabama, in 1951, which
offered more space and training options. The
Chemical School, after more than 30 years in Mary-
land, moved there early in 1952.°

The emphasis on individual training for chemi-
cal and biological warfare resulted in the elimina-
tion of the unit gas officers in 1954. Originally, an
officer or noncommissioned officer had been re-
sponsible for chemical and biological training and
readiness. With this change, the troop command-
ers assumed the responsibility and were expected
to include chemical and biological training in all
their field exercises and maneuvers.'*
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Nerve Agent Production and Development

In 1950, the Chemical Corps began construc-
tion of the first full-scale sarin production com-
plex based on pilot plant work accomplished at
the Army Chemical Center, which had formerly
been called Edgewood Arsenal (Exhibit 2-1). The
production of sarin was a five-step process that
was divided between two sites. For the first two
steps of the process, the corps constructed a plant
at Muscle Shoals, Alabama, later designated Site
A or the Muscle Shoals Phosphate Develop-
ment Works, which was completed in 1953. The last
three steps of the process were conducted at a
new plant at Rocky Mountain Arsenal, Colorado.
In 1951, the corps fully standardized sarin and
by 1953 was producing the agent. After only 4 years
of production, the plants stopped manufacturing
since the stockpile requirements for the agent
had been met. The plants then went into inactive
status with layaway planned. The related muni-

EXHIBIT 2-1

NAME CHANGES OF EDGEWOOD
ARSENAL

25 Oct 1917 Construction begun on a shell-
filling plant called Gunpowder

Neck Reservation

2 Apr 1918 Gunpowder Neck Reservation
designated Gunpowder

Reservation

4 May 1918 Name changed from Gunpowder
Reservation to Edgewood Arsenal

10 May 1942 Name changed from Edgewood
Arsenal to Chemical Warfare
Center

2 Aug 1946 Name changed from Chemical
Warfare Center to Army Chemical

Center

1Jan 1963 Name changed from Army
Chemical Center to Edgewood

Arsenal

1July 1971 Edgewood Arsenal discontinued
as a separate installation and
designated Edgewood Area,

Aberdeen Proving Ground

tions filling plants also went into standby status a
year later.>'”

Part of the reason for the shut down of the sarin
plant was the development of a new nerve agent.
Chemists at Imperial Chemicals, Ltd., in the United
Kingdom, while searching for new insecticides,
came across compounds that were extremely toxic
to humans. The British shared the discovery with
the United States in 1953. The Chemical Corps ex-
amined the new compounds and determined that a
new series of nerve agents had been discovered that
were more persistent and much more toxic than the
G-series agents. This new series was designated the
V-series agents in 1955, because they were “venom-
ous” in nature. These agents would enter the body
through the skin, thereby bypassing the protective
mask. They were 1,000-fold more toxic than sarin
when applied to the skin, and 2- to 3-fold more toxic
when inhaled. A drop the size of a pinhead on bare
skin could cause death within 15 minutes.>'*®

The Chemical Corps gave top priority to the inves-
tigation of these compounds. Of the compounds in-
vestigated, VX was selected in 1957 for pilot plant
development and dissemination studies. It was stan-
dardized in December 1957. The annual report for that
year concluded: “The reign of mustard gas, which has
been called the King of Battle gases since it was first
used in July 1917, will probably come to an end.” %'

The initial plan was to contract with private in-
dustry for a 10-ton per day production plant. A later
decision put the plant at the inactivated Dana
Heavy Water Plant of the Atomic Energy Commis-
sion at Newport, Indiana, within the Wabash River
Ordnance Works. A patent dispute that resulted in
arestraining order by the Chief Justice of the United
States and problems with contractors visiting the
new site delayed construction. Finally in 1959, Food
Machinery and Chemical Company, the low bidder,
got the contract and construction was planned for
1960. Shortly after the approval, the Chemical Corps
supplemented the contract to provide for a VX
weapon-filling plant.'*"*

Chemical Weapons

During the 1950s, the Chemical Corps concen-
trated on the weaponization of sarin. For air deliv-
ery, the first items standardized in 1954 were the
1,000-1b M34 and M34A1 cluster bombs (Figure 2-
44). These clusters held 76 M125 or M125A1 10-Ib
bombs, each containing 2.6 1b of sarin (Figure 2-45).

In 1959, the Chemical Corps standardized the
first nonclustered bomb, designated the MC-1 750-1b
sarin bomb. This was a modified general purpose
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Fig. 2-44. The M34 series sarin cluster bomb was the first
major nerve agent bomb standardized by the U.S. mili-
tary after World War II. Photographs: Chemical and Bio-
logical Defense Command Historical Research and Re-
sponse Team, Aberdeen Proving Ground, Md.

Fig. 2-45. The M125 series sarin bomblet, which was con-
tained in the M34 cluster bomb. Photograph: Chemical
and Biological Defense Command Historical Research
and Response Team, Aberdeen Proving Ground, Md.
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demolition bomb, suitable for high-speed aircraft,
and held about 215 b of sarin filling. For ground
delivery, the Chemical Corps standardized the
M360 105-mm and the M121 155-mm shells in 1954.
The smaller shell held about 1.6 1b of agent and the
larger about 6.5 1b.>"*°

Although delivery systems for VX nerve agent
were initiated during the 1950s, no system was stan-
dardized. In addition, many of the sarin delivery
systems took longer to develop than planned and
some were never standardized.

Biological Agents

During the 1950s, the biological warfare program
was one of the most highly classified programs, ow-
ing to its nature and the ongoing Cold War, and
many of the details of the program have never been
declassified. The corps concentrated on standard-
izing the agents investigated during World War II
and weaponizing them at Fort Detrick, the Chemi-
cal Corps biological warfare center. The highest
priority was placed on the antipersonnel agents, as
the antianimal and antiplant programs both expe-
rienced major disruptions during the decade.

Anumber of antipersonnel agents were standard-
ized during the early 1950s, but in 1953, Major Gen-
eral Bullene, Chief Chemical Officer, gave an over-
riding priority to the development of anthrax,
which had also been the highest-priority agent dur-
ing World War 1II.

One of the more interesting stories was the stan-
dardization in 1959 of the yellow fever virus for use,
with a mosquito as vector. The virus came from an
individual in Trinidad who had been infected with
the disease during an epidemic in 1954. Scientists
inoculated rhesus monkeys with the serum to
propagate the virus. In tests conducted in Savan-
nah, Georgia, and at the Avon Park Bombing Range,
Florida, uninfected mosquitoes were released by
airplane or helicopter. Within a day, the mosquitoes
had spread over several square miles and had bit-
ten many people, demonstrating the feasibility of
such an attack. Fort Detrick’s laboratory was ca-
pable of producing half a million mosquitoes per
month and had plans for a plant that could produce
130 million per month."

Fort Detrick, however, was limited in its produc-
tion capability and required an expanded facility.
Since the World War II-era Vigo Plant, inactivated
in the postwar years, was not reopened (and was
eventually sold in 1958), Pine Bluff Arsenal was
selected to be the site of the new biological agent



History of Chemical and Biological Warfare: An American Perspective

production plant. The plant was designated the X-
201 Plant, later renamed the Production Develop-
ment Laboratories, and was completed in 1954. This
plant could produce most of the agents standard-
ized by the Chemical Corps, and could fill bombs
within 4 days after receipt of an order.

The antianimal program started off strong in 1952
when the Chemical Corps activated Fort Terry, on
Plum Island, New York, to study animal diseases. In
1954, however, the army terminated all antianimal
agent work with exception of rinderpest and the
completion of the foot-and-mouth disease research
facility. The Department of Agriculture then took
over the defensive aspects of the antianimal pro-
gram, including Fort Terry, the same year.

The antiplant program made some progress
when, in 1955, wheat stem rust became the first
antiplant pathogen standardized by the Chemical
Corps for use primarily against cereal crops. Addi-
tional antiplant agents were standardized shortly
thereafter. In 1957, however, the army ordered the
corps to stop all antiplant research and development
since the air force, primarily, would be delivering
the agent. This was accomplished by 1958 with the
termination of the program. Then the decision was
reversed the next year after additional funding was
found. Fort Detrick had to restart the program,
which delayed any significant accomplishments for
some time. Fort Detrick also began to concentrate
more on the chemical defoliants, conducting the
first large-scale military defoliation effort at Fort
Drum, New York, using the butyl esters of 2,4-D
and 2,4,5-T, later designated Agent Purple.>"!

Biological Weapons

Although many biological agents were standard-
ized and many delivery systems developed, only a
few biological weapons were standardized. The first
was the M114 4-1b antipersonnel bomb, which held
about 320 mL of Brucella suis (Figure 2-46). This was
a small, 21-in.-long tube with a 134-in. diameter,
similar to a pipe bomb. One hundred eight of the
M114s were clustered in the M33 500-1b cluster
bomb (Figure 2-47). The bombs were also tested at
Dugway Proving Ground, Utah, throughout the
1950s with various other fillings.

The M115 500-1b antiplant bomb was standard-
ized in 1953 for the dissemination of wheat stem
rust. This filling consisted of dry particulate mate-
rial adhered to a lightweight, dry carrier (ie, feath-
ers). Thus, the bomb was normally referred to as
the feather bomb.
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Fig. 2-46. T