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INTRODUCTION

“Gas! Gas!” This warning cry, so common in
World War I, almost became real to U.S. forces again
as they prepared to liberate Kuwait in late 1990. The
threat of chemical, and even biological, warfare was
foremost in the minds of U.S. military personnel
during Operation Desert Shield, the preparation for
the Persian Gulf War. Iraq was known to have a
large stockpile of chemical weapons and had dem-
onstrated during its conflict with Iran that it would
use them. It was not until after the Persian Gulf War
that the U.N. Special Commission on Iraqg confirmed
that Saddam Hussein also had biological agents
loaded in weapons. The chemical and biological
threats were major concerns to those in the mili-
tary medical departments who would be called on
to care for poisoned or infected casualties, possibly
in a chemically contaminated environment. Fortu-
nately the ground war of the Persian Gulf War
(Operation Desert Storm) was brief, and even more
fortunately, our adversary did not employ these
weapons.

In the desert, during the fall and winter of
1990-1991, the threat of chemical warfare be-
came very real to our military medical personnel.
The threat of biological warfare was no less feared.
The military medical departments realized that
medical personnel were not prepared to pro-
vide care to chemical or biological casualties
or to function in a contaminated environment. This
textbook should help accelerate the assimilation
of medical defense information in the next war;
in the past, such information has not been readi-
ly accessible. Two handbooks have also been pre-
pared: Medical Management of Chemical Casualties
Handbook, Chemical Casualty Care Office, Med-
ical Research Institute of Chemical Defense, Aber-
deen Proving Ground, Maryland (September 1994);
and Medical Management of Biological Casualties
Handbook, U.S. Army Medical Research Institute of
Infectious Diseases, Fort Detrick, Frederick, Mary-
land (March 1996).

Rapid and intense teaching programs help-
ed prepare our medical healthcare providers, so
that by the onset of Operation Desert Storm,
they were as ready as any military medical per-
sonnel might be to go to war. Hundreds of thou-
sands of troops were supplied with chemical
pretreatment and therapeutic agents and thou-
sands were immunized against anthrax and the
botulinum toxins, the two most likely biological

battlefield threats.

Two lessons were learned from this conflict,
lessons that should never be forgotten by those
in the military. The first was that there are coun-
tries that have chemical and biological weapons,
and there are other countries that might obtain
or produce them. The second was that the U.S.
military medical departments must be prepared
at all times to treat both types of casualties. As
long as potential adversaries exist, the U.S. mili-
tary might face a chemical or biological battle-
field.

Military medical personnel of the United States
have not treated a chemical casualty on the battle-
field for nearly 8 decades, and they have never
treated a biological casualty. Chemical agents have
not been used as weapons in a major war or in any
military conflict in which the United States has
been involved since World War |. Despite the re-
cent dissolution of the Warsaw Pact, the breakup
of the Soviet Union, and other events that have
seemingly reduced the conventional military threat
to the United States, a textbook for military medi-
cal personnel on the management of chemical and
biological agent casualties is still urgently needed.
The breakup of the Soviet Union, and the conse-
quent glut of biowarfare experts on the world em-
ployment market, may have actually increased the
threat of biological proliferation. In addition to the
recent experience in the Persian Gulf, a review of
other events of the past 2 decades bears out this con-
clusion (Exhibit 1-1).

EXHIBIT 1-1

RECENT TARGETS OF CHEMICAL OR
BIOLOGICAL AGENTS

Laos (mid to late 1970s; alleged)

Kampuchea (late 1970s and early 1980s; alleged)
Afghanistan (1980s; alleged)

Iran (1980s; Iran-Iraq War; confirmed)

Iragi Kurds (1988; confirmed)
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HISTORICAL PRECEDENTS

During the Arab-Israeli War (also called the Yom
Kippur War) of 1973, chemical weapons were not
used. While processing captured soldiers, however,
Israeli troops found that the Egyptians carried per-
sonal protective equipment, a decontamination kit
containing items unfamiliar to U.S. personnel, and
an antidote with which we were also unfamiliar.
This evidence suggested that the Egyptians were
prepared for a chemical battlefield, and the com-
ponents of the antidote suggested that they were
prepared for the use of the nerve agent soman. (The
antidote was a mixture of three compounds: atro-
pine, benactyzine, and the oxime, TMB4.) The U.S.
military soon issued the antidote to U.S. troops, only
to withdraw it about 5 years later.

In the mid to late 1970s, reports began to appear
that chemicals were being used against Hmong
tribesmen in Laos. The Hmong had been loyal to
the United States and had served this country
in many ways during the Vietnam War; it was
suggested that chemicals were being used against
the Hmong in retaliation. Investigations were
conducted by U.S. State Department personnel,
by a medical team sent by The U.S. Army Surgeon
General, and by international groups. Little defini-
tive evidence was discovered, primarily because the
alleged attacks took place deep in Laos. The
victims took weeks to travel to Thailand to be
examined, and outsiders could not enter Laos to
examine the attack sites. The Hmong who reached
Thailand provided graphic accounts of attacks
by sprays and bombs from airplanes and how these
“smokes,” which were of all colors, killed many
in their villages. One member of the medical team
brought back a sample of a yellow substance on
the outer (barklike) layers of a bamboo culm (ie,
stalk); the sample had been given to him by a
Hmong, who claimed that the material had killed
many of his fellow villagers. This yellow substance,
along with samples from many other locations, later
became known as “yellow rain” (see Chapter 34,
Trichothecene Mycotoxins, which discusses yellow
rain in greater detail).

Moreover, in the late 1970s and early 1980s, alle-
gations were made of chemical agent use against
refugees fleeing the barbaric conditions that existed
in Kampuchea at that time.* The clinical response
of the exposed humans did not fit what we under-
stood about the effects of classic chemical agents.
Tearing and itching looked like the effects of tear
gas. Convulsions suggested nerve agents. But the

occurrence of internal hemorrhage and skin lesions
could not be explained. Analysis of a leaf sample
collected in Kampuchea 24 hours after an attack
implicated trichothecene mycotoxins, a family of
toxins produced by fungi but having characteris-
tics more like chemical than biological agents.

In August 1981, based on limited physical evi-
dence, the U.S. government announced that
trichothecene mycotoxins had been used—but the
findings were less than convincing to some in the
scientific community and the issue became ex-
tremely contentious. This controversy was never
totally resolved, and the question of which, if any,
agents were used against civilians was not an-
swered. If mycotoxins were, in fact, used it was the
first recorded use of biological agents since before
World War |1, when the Japanese used them against
the Chinese in the early 1940s.2

In the 1980s, Soviet troops battled Afghan rebels
protesting the communist Afghan regime. During
this lengthy conflict, frequent allegations were
made of the use of chemical agents against the Af-
ghans. One of these chemicals, known as Blue-X,
was said to cause instant immobilization, the vic-
tim remaining in place for a number of hours be-
fore recovering. The use of other, more lethal agents
was also alleged, but again no definitive evidence
was found.

The most widespread and most open use of
chemical weapons on a battlefield in recent decades
was by Iraq in its conflict with Iran. This time the
evidence of chemical use was conclusive. Undeto-
nated shells were sampled and their contents were
analyzed by several laboratories in Europe. A vesi-
cant or blister agent (mustard) and a nerve agent
(tabun) were identified. About 100 Iranian soldiers
with chemical wounds were sent to European hos-
pitals for care; their wounds were consistent with
vesicant (mustard) injury. A team appointed by the
U.N. secretariat went to Iranian battlefields and
hospitals and found chemical shells and patients
with chemical injuries. The public outcry at the use
of these weapons was less than overwhelming. Ig-
noring protests from the world community, Iraq
continued to use these agents.

Evacuating wounded soldiers to Europe not only
lessened the burden on the medical facilities in Iran
(although the number sent was a small fraction of
the total) and provided soldiers with good medical
care, but it also provided the rest of the world with
evidence that Iraq was using these weapons. In gen-



Medical Aspects of Chemical and Biological Warfare

eral, the casualties were sent privately, not through
governmental connections. Physicians in Europe
accepted the patients and assumed responsibility
for their care, usually in private hospitals (a situa-
tion that made a retrospective analysis of the care
rendered and the effectiveness of different treat-
ment regimens difficult).

A similar situation enabled three physicians from
the U.S. Army medical community to examine sev-
eral casualties from Iraqg’s use of chemical weap-
ons. On March 19, 1988, Iragi airplanes bombed the
village of Halabja, in Irag. The inhabitants were
Kurdish Iragi citizens, a tribespeople who live in
the region where the borders of Turkey, Iran, and
Iraq meet. The casualties from this raid received
worldwide media attention. The chemical weapons
allegedly used were nerve agents, cyanide, and
mustard. The casualties were cared for by Iran, and
five of them (a man, a woman, and three young
children, all unrelated) were sent to the United
States for care by an Iranian physician living here.
On examination by three authors of chapters in this
textbook, the casualties were found to have skin
lesions and pulmonary pathological changes (as
determined by radiograph) consistent with mustard
exposure.

Other items in the news over the past decade
have suggested that the proliferation of chemical
and biological agents is greater than we might hope.
For example, numerous accounts claimed that Libya
had built a facility capable of chemical agent pro-
duction at Rabta—Libya’s protestation that this fa-
cility was a pharmaceutical plant notwithstanding.
One report even noted that monthly production was
about 30 tons of mustard.

In 1979, an accident at a previously undetected
biological weapons plant in Sverdlovsk, Russia, sur-
prised even the intelligence community.® At least
66 humans living or working downwind of the plant
died of pulmonary anthrax. Soviet troops quickly
attempted to decontaminate the facility and the city
following airborne release of anthrax spores, and
medical teams instituted preventive therapy, but the
message was clear. The Soviet biological warfare
program was thriving, more than 6 years after the

Soviet Union had signed the Biological Weapons
Convention.

In addition to their being used on the battlefield,
chemical and biological agents might also be used
in terrorist attacks. The nerve agent sarin was twice
used in Japan. The first incident, in Matsumoto in
June 1994, produced more than 200 casualties in-
cluding 7 fatalities. In the second incident—in the
Tokyo subway system on 20 March 1995—5,510
people were taken to medical facilities or sought
medical assistance. About 20% of these were hos-
pitalized, and 12 died. The cult that was accused of
both attacks was found to have a large facility for
manufacturing both chemical and biological agents.

In the face of overwhelming evidence, the Soviet
Union continued to officially deny having an offen-
sive biological weapons program until 1992, when
Russian President Boris Yeltsin admitted publicly
to having maintained a program until March of that
year. Since then, visits by teams from the United
States and the United Kingdom to former biologi-
cal warfare facilities under the Joint United States/
United Kingdom/Russia Trilateral Statement on
Biological Weapons have clearly documented the
capabilities to produce biological warfare agents in
massive quantities.

Verification of compliance with agreements such
as the Trilateral and with the chemical and biologi-
cal weapons conventions are plagued by the “dual-
use” nature of the facilities in which these agents
are developed and produced. A legitimate chemi-
cal facility can be converted fairly easily for the
manufacture of chemical agents. On threat of in-
spection by an international group, the facility can
readily be converted back to a legitimate use. The
dual-use nature of production facilities is even more
applicable to the production of biological agents.
Partly for this reason, chemical and biological weap-
ons have been called “the poor man’s atom bomb.”
It has also been said that agents can be made in a
bathtub, which may be true to a limited extent for a
skilled microbiologist or chemist. Production of
even tactical quantities of these agents and their
deployment on the battlefield, however, is not a
trivial undertaking.

INTRODUCTION TO CHEMICAL AND BIOLOGICAL AGENTS

Chemical and biological agents differ in several
important ways. Chemical agents are typically man-
made through the use of industrial chemical pro-
cesses. Biological agents are either replicating
agents (bacteria or viruses) or nonreplicating ma-
terials (toxins or physiologically active proteins or

peptides) that can be produced by living organisms.
Some of the nonreplicating biological agents can
also be produced through either chemical synthe-
sis, solid-phase protein synthesis, or recombinant
expression methods. Almost none of the biological
agents are dermally active (the mycotoxins are a
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rare exception) and none are volatile. On the other
hand, most of the chemical agents are dermally ac-
tive, volatile, or both.

Therefore, while many of the dermally active or
volatile chemical agents can be disseminated as lig-
uids or aerosols, and the biological agents must be
dispersed as respirable aerosols (particles approxi-
mately 1-10 um in diameter). Dispersing a respirable
aerosol on a battlefield requires a high-energy gen-
erating system to produce the small particle size,
appropriate weather conditions to assure that the
aerosol cloud stays near the ground, and adequate
infectivity or toxicity of the agent to produce the
desired effect. Except for infectivity, these are all
important practical requirements for the field use
of chemical, as well as biological, warfare agents.

In World War I, the use of chemical agents began
with the small-scale use of irritants (known today
as riot control agents). Chlorine, the first agent used
on a large scale, and phosgene caused large num-
bers of deaths. Cyanide was introduced in midwar,
but the agent that caused the greatest number of
casualties was the vesicant mustard, which was in-
troduced late in the war. Cyanide, phosgene, and
mustard are still potential chemical weapons today.

In the period before World War Il, German sci-
entists synthesized the first nerve agents; during the
war, Germany had thousands of tons of nerve
agents stockpiled in munitions. The United States
and the Soviet Union captured the stockpiles and
manufacturing facilities late in the war, and they
began to manufacture and stockpile these agents.
Nerve agents are 15- to 100-fold more potent than
the chemical agents used in World War 1. In the
1950s, the United States put the incapacitating com-
pound BZ into munitions (which have been de-
stroyed); late in that decade, the currently used riot
control agent CS was introduced for military use.

Military chemical agents are classified as “per-
sistent” and “nonpersistent.” Persistent agents are
those with low volatility or which evaporate slowly.
Since they do not readily evaporate, they stay on
terrain, materiel, or equipment for days, weeks, or
months, depending on the weather. Chief among
the persistent agents are the vesicant mustard and
the nerve agent VX. Nonpersistent agents are those
that are volatile and hence evaporate quickly; they
are not expected to be present for more than sev-
eral hours. The nonpersistent agents are phosgene,
cyanide, and the G series of nerve agents. Each type
has military advantages. Advancing troops might
disperse a nonpersistent agent ahead of their attack
to have the advantage of its effects on the enemy
and later to have uncontaminated terrain into which

to advance. A persistent agent might be used to con-
taminate terrain, supplies, and equipment, deny-
ing the enemy their use.

Biological weapons may contain either replicat-
ing or nonreplicating agents. Although hundreds
of naturally occurring bacteria, viruses, and toxins,
as well as “designer compounds,” could potentially
be considered agents by an aggressor, a finite num-
ber of these are actually useful as area weapons on
the battlefield. The agents’ utility is limited by ease
of production, stability, and infectivity (bacteria and
viruses), or toxicity/effectivity (toxins and other
physiologically active materials). Bacillus anthracis,
for example, is often touted as the best of bacterial
agents. Stability of the spore form and ease of pro-
duction are its greatest strengths as weapons mate-
rial. Among viral agents, Venezuelan equine en-
cephalitis virus is easily grown to extremely high
titers, making it a potential incapacitating agent.
The bacterial agents that cause tularemia, Q fever,
and brucellosis are infective at extremely low doses
(1-10 organisms per person). Finally, the extraordi-
nary toxicity (1,000- to 10,000-fold more toxic than
the classic nerve agents) of the staphylococcal en-
terotoxins as incapacitants and the botulinum tox-
ins as lethal agents makes them candidates for
weaponization.

Most of the chemical compounds noted above
have characteristics that make them uniquely suited
to warfare. Closely related chemical substances,
however, and some of the threat agents, are found
throughout the civilian community. Unlike the
chemical warfare agents, which are not found in
nature, essentially all of the biological agents de-
scribed are found in nature and cause the same or
very similar disease syndromes. Military medical
personnel might encounter persons exposed to the
organisms as endemic disease agents on remote
battlefields.

Similarly, civilians as well as military personnel
could be exposed during peacetime to commercial
chemicals closely related to chemical warfare
agents. Thousands of tons of cyanide, for example,
are manufactured annually for industrial use and
are shipped to users by truck and train throughout
the country. Phosgene is also manufactured in large
amounts and shipped cross-country. The nerve
agents are not available outside the military, but
they are closely related to most pesticides or insec-
ticides that are sprayed on orchards or used by the
backyard rose gardener. The effects of these agri-
cultural compounds are nearly identical to those of
nerve agents, and medical therapy is the same. The
incapacitating agent BZ (3-quinuclidinyl benzilate)
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is used in small amounts in research pharmacology
(where it is known as QNB). Also, BZ is pharmaco-
logically related to anticholinergic drugs, which are
present in many over-the-counter preparations,
such as sleeping medications.

Unlike the chemical warfare agents, essentially
all of the biological agents described cause syn-
dromes that mimic or are identical to naturally oc-
curring diseases. Outbreaks of disease caused by
bacteria or viruses or isolated intoxications caused
by toxins may result in syndromes similar to those
seen in biological warfare attacks. In the case of
these agents, the route of exposure—universally via
the airways on the battlefield—may cause slightly
or significantly different clinical presentations. Gen-
eral principles of prophylaxis and therapy pre-
sented in this text, however, often apply. Although
the reader may initially think that the information
presented in this textbook is needed only in war-
time, much of the contents will also be useful to the
physician in a busy emergency room.

On the battlefield, knowledge of the chemical or
biological agent threat and its medical and physi-
cal countermeasures can actually reduce the threat.
In World War I, the death rate for chemical casual-
ties was about 3%. Data are not available for the
Iran—lraq War, but informal reports indicate that the
death rate for those chemical casualties who reached
medical care was probably less than 5%, despite the
use of the highly toxic nerve agents against rela-

tively unprotected troops. With well-trained troops
and well-prepared medical personnel, these figures
will be lower. For the chemical agents, real-time
detectors allow exploitation of the excellent indi-
vidual physical protective mask, effective pretreat-
ment, and therapy.

These countermeasures, in conjunction with
training of our forces, can make an enormous dif-
ference and actually serve as a deterrent to chemi-
cal agent use. A chemical attack on a battlefield will
not be the devastating event that some military
medical personnel fear. Soldiers will survive and
return to duty. For the biological agents, field detec-
tors are still not responsive enough to allow timely
warning of a cloud moving across the battlefield. Al-
though the mask is protective, adequate warning may
still be a problem. Knowledge of the meteorological
conditions necessary for effective deployment of bio-
logical and chemical agents can at least limit the time
during which a force must be on highest alert. In
addition, effective medical countermeasures (vac-
cines, drugs, and diagnostics) are available for many
of the agents of greatest concern. An integrated sys-
tem of countermeasures for the chemical and bio-
logical agents can significantly reduce the threat by
raising the cost/benefit ratio for the would-be ag-
gressor. If the agents are used, appropriate medical
care from well-informed medical care providers that
enables soldiers to survive could be the factor de-
termining whether a battle is won or lost.

IMPLICATIONS FOR THE MILITARY MEDICAL DEPARTMENTS

From 18 January to 28 February 1991, 39 Iraqi-
modified SCUD missiles reached Israel.* Although
many were off target or malfunctioned, some of
them landed in and around Tel Aviv. Approximately
1,000 people were treated as a result of missile attacks,
but only 2 died. Anxiety was listed as the reason for
admitting 544 patients and atropine overdose for hos-
pitalization of 230 patients. Clearly, these convention-
ally armed SCUDs were not effective mass casualty
weapons, yet they caused significant disruption to the
population of Tel Aviv. Approximately 75% of the ca-
sualties resulted from inappropriate actions or reac-
tions on the part of the victims. Had one of the war-
heads contained a chemical or biological agent that
killed or intoxicated a few people, the “terror ef-
fect” would have been even greater.

The likelihood of such a weapon causing panic
among military personnel decreases, however,
when the leaders and troops become better edu-
cated regarding these agents. As General John J.
Pershing wrote after 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 unpre-
pared that we can never afford to neglect the
question.”5(Ps23)

The experience in the Persian Gulf War reinforced
General Pershing’s warning. Despite the improve-
ment in relations between the East and the West,
potential adversaries still exist—and potential ad-
versaries have chemical and biological agents.
These agents have been used in recent years, and
probably will be used again on the battlefield or in
small, regional conflicts. They might also be used
in acts of terrorism within the United States, in
which case, by authority of Presidential Decision
Directive 39 (1995), the military will assist civilian
authorities and medical personnel.

Fortunately, U.S. troops and medical personnel
have not been involved in these attacks; it is hoped
that they never will be. We must be prepared, how-
ever. The purpose of this textbook is to assist in that
preparation.
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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 1, 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 |, 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 | DEVELOPMENTS

The chemical agents first used in combat during
World War | 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

10

China as early as 1122 sc. 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
19009. 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 sc. 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 sc,
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. 4PP22-23)

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
2 to 3 gt 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.5*?)

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, | 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.>®

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 |, 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 sc. 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
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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.”4®%"

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.”P%% A|-
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 |

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.®*Y

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:

r__F-________'_—__,_-.:_j

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.

1. 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 |
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 1915.3%

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 | 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 snuff,
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 | 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,t’?%

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 | 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®”:

« 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 front in 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.31"?

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 Ib 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 Ib; 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.3'4%*

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

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 (12

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****2 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.*%®
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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, %63

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-
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Fig. 2-12. Early attempts at collective protection during
World War | 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.”'%'“

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, shails
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.”*"®3

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.%®34

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.*®%
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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.”#2%

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.*F™

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, | cannot venture an
opinion, &N

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.
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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. 2?75

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?2F3)

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.*coveriv)

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).%54°

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 |
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
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projects. These special projects included such ac-
tivities as preserving wooden dock structures (1923)
and fighting boll weevils (1925-1927).5%

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 11 155-mm mustard shell; the Livens phosgene pro-
jectile; and the Mk | 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 56FP+5

To meet this need, the CWS standardized the M1
30-1b chemical bomb. It held only about 10 Ib 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 1921.3%

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.%®2)

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, 58

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 | 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.50P®

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 | 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.®-6

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.*?%4%

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,”°29

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. %9

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 11, 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 |l started.3™"

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 11—
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. A Field 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 | 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.™®2?

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. ™27

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 Il 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, lle 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.
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Fig. 2-25. The Japanese UJI 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 Il, Ishii was concen-
trating on the use of vectors such as the common
flea to carry the biological agents.3%

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 M1AL1l continued in
production. This mask became the standard mask
for the army up to the beginning of World War 11.
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 | 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-Ib, 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 1Y2-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 Il, 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 | 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 ltaly 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 33(PP151-152)

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 | 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. %20

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 | observed, but
it temporarily incapacitated very large numbers
and so frightened the rest that the Ethiopian resis-
tance broke completely.8®?)

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 %143

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.8®8)

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.87(P30)

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.”®r1s3)

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 11.%

THE 1940s: WORLD WAR Il AND THE NUCLEAR AGE

The start of World War 11 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 I, 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.



History of Chemical and Biological Warfare: An American Perspective

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. 2%

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 Il, 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-
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 Il. 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 . 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 Il 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 | 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 | (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%1%°

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-Ib 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-
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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 Il. 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,
a nosecup 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 | 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-
fant5.26'3°'1°2‘1°4
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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 | 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.?¢351%

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
Pearl 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 | bomb. The smaller bombs, suitable for use in
larger cluster bombs, proved the most successful in
static tests. Only the SPD Mk | 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,*®ré-

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 lwo 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”*%®? was
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.”*r*

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 Il, 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 not justify 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 Il. 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 Il
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 1948.3°

Post-World War Il 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 11, the Soviets had captured a
German nerve agent production facility and had
moved it back to their country. 8

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 ll-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 Il 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, 200284

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 I1,” we may have made a major military deci-
sion on the basis of a fatally unsound assumption.*?2®%

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. 123

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 Il, 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

48

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 1l. 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 EDGEWOOQOD
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.3%?

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.”*?(1%0)

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
a restraining 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 10-1b
bombs, each containing 2.6 Ib of sarin (Figure 2-45).

In 1959, the Chemical Corps standardized the
first nonclustered bomb, designated the MC-1 750-Ib
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 Il. 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 Ib 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 Ib of agent and the
larger about 6.5 Ib %%

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 Il
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.

A number 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 II.

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 ll-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
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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-Ib antipersonnel bomb, which held
about 320 mL of Brucella suis (Figure 2-46). This was
a small, 21-in.-long tube with a 1%3-in. diameter,
similar to a pipe bomb. One hundred eight of the
M114s were clustered in the M33 500-Ib 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-Ib 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. The M114 4-1b biological bomb was the first
biological weapon standardized by the U.S. military. Pho-
tograph: Chemical and Biological Defense Command
Historical Research and Response Team, Aberdeen Prov-
ing Ground, Md.

There were numerous other experimental deliv-
ery systems. The E61R4 half-pound antipersonnel
bomb held only about 35 mL of agent, but four of
the little bomblets produced twice the area cover-
age of one M114. The E133R3 750-1b cluster bomb
held 544 bomblets.

Copying the method the Japanese developed
during World War 11, the Chemical Corps developed
the 80-Ib antiplant balloon bomb. The bomb itself
was a cylinder 32 in. in diameter and 24 in. high
that served as the gondola of the balloon. Inside the
insulated gondola were five agent containers, each
holding feathers and an antiplant agent. The agent
containers were grouped around a chemical-type
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Fig. 2-47. The M33 500-1b biological cluster bomb, which
held 108 of the M114 bombs. Photograph: Chemical and
Biological Defense Command Historical Research and
Response Team, Aberdeen Proving Ground, Md.
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heater. A barometric and mechanical time mecha-
nism opened the gondola at a preselected altitude,
releasing the agent.

Other delivery systems included spray tanks,
missiles, aerosol generators, drones, and marine
mines. Of these, the submarine mine was one of the
more covert forms of delivery. It was designed to
be fired from a torpedo tube, to sink to the bottom
for a specified period up to 2 hours, and then rise
to the surface and expel about 42 L of agent. After
dissemination of the agent, it scuttled itself.®!*

Although both simulants and small amounts of
live agents were used in open-air testing during the
1950s, for sheer size, Operation Large Area Cover-
age (LAC) covered the largest geographical area.
To test the feasibility of contaminating a large area
of the continent with biological organisms, in 1957
the Chemical Corps dropped a myriad of micro-
scopic fluorescent particles of zinc cadmium sulfide
along a path from South Dakota to Minnesota. In
the first test, the air stream turned north and took
the bulk of the material into Canada. Still, a test sta-
tion in New York was able to detect the particles.
In the second test in 1958, the particles were car-
ried into the Gulf of Mexico. Special collectors were
located at 63 Civil Aeronautics Authority sites and
112 Weather Bureau stations. Over 2,200 samples
were mailed back to the corps from these sites.

Two additional tests covered from Ohio to Texas,
and from lllinois to Kansas. All demonstrated that
the particles were widely disseminated. Although
it had been only theoretical prior to this test, Op-
eration LAC provided the first proof that biologi-
cal agents were indeed potential weapons of mass
destruction.'®

Medical Research on Human Volunteers

The Chemical Corps’s concern with the effects
of nerve and other chemical agents on soldiers led
to extensive studies to determine the dangers of
exposure and the proper kinds of treatment. This
program exposed soldiers to low levels of agents
to demonstrate the effects of treatment and to an-
swer questions about how agents affect humans.

Prior to the 1950s, the use of humans in testing
had been conducted on a somewhat ad hoc basis,
with little documentation surviving. A more-formal
volunteer program was established at the Army
Chemical Center during the 1950s. This program
drew on local military installations and utilized a
specific consent procedure that ensured that each
volunteer was prebriefed and was truly a volun-
teer in the experiment. Between 1955 and 1975, over
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6,000 soldiers participated in this program and were
exposed to approximately 250 different chemicals.*®

Although biological agents had been tested on
animals, the question arose as to whether the same
agents would be effective on humans. In 1954, the
Chemical Corps received permission to use human
volunteers in the evaluation of biological agents.
The plan to assess the agents and vaccines, which
was approved by both the U.S. Army Surgeon Gen-
eral and the Secretary of the Army, was produced
at Fort Detrick. A medical school under contract
conducted most of the investigation. By 1955, the
corps had tested many of the known agents on the
volunteers in laboratory situations.

The army, however, also wanted to know the ef-
fects of biological agents in natural settings. After
receiving approval from the secretary of the army,
the first open-air test was conducted at Dugway
Proving Ground, Utah, where 30 volunteers were
exposed to an aerosol containing Coxiella burnetii,
the rickettsia that causes Q fever. These open-air
tests gave valuable data on the infectivity of bio-
logical warfare agents.®341%

The Incapacitant Program

During the 1950s, the Chemical Corps became
interested in developing chemical weapons that
incapacitated rather than killed its targets. In 1951,
the corps awarded a contract with the New York
State Psychiatric Institute to investigate the clinical
effects of mescaline and its derivatives. The contrac-
tor tested 6 derivatives, while the corps tested 35
derivatives. The results of the investigation indi-
cated that mescaline and its derivatives would not
be practical as agents, because the doses needed to
bring about the mental confusion were too large.™

In 1955, the Chemical Corps formerly established
a new project called Psychochemical Agents. The
next year, the program was redesignated K-agents.
The objective was to develop a nonlethal but po-
tent incapacitant that could be disseminated from
airplanes in all environments. The program was
conducted at the Army Chemical Center and exam-
ined nonmilitary drugs like lysergic acid (LSD) and
tetrahydrocannabinol (related to marijuana). None
of these drugs, however, were found to be of mili-
tary Worth.129'131'134’135

New Protective Equipment
The changing need for protective equipment cre-

ated by the new threats of chemical, biological, and
radiological warfare was reflected in 1951, when the
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Chemical Corps officially changed the name of all
its gas masks to “protective masks.” The M9A1
mask, standardized the same year, was the first to
be so designated.

Starting in 1952, the Chemical Corps began work
on a new mask to replace the M9 series. The corps
wanted a mask that was more reliable, suitable for
any face size and skin texture, and more comfort-
able in any climate. Utilizing previous work on
canisterless civilian masks and an earlier military
prototype, Dr. Frank Shanty, a young engineer as-
signed to the Army Chemical Center, thought of the
concept for a new mask on a late-night train to Cin-
cinnati, Ohio. The final result was the M17 Protec-
tive Mask, the first canisterless military mask, which
was standardized in 1959. The new mask eliminated
the problem of having left- and right-handed masks,
weighed less, and had reduced breathing resis-
tance.®

Other mask work included the first tank mask,
the M14, standardized in 1954 as part of the M8 3-
Man Tank Collective Protector. In 1959, the corps
standardized an improved head-wound mask, des-
ignated the M18, that allowed soldiers with head
wounds to wear protective masks in contaminated
environments.?

Chemical Agent Detection

The inability to instantly detect nerve agents and
sound an alarm to alert surrounding troops was the
primary concern of the Chemical Corps during the
1950s. Many detector kits from World War Il were
updated to improve detection of nerve agents, but
these only provided confirmation, without provid-
ing advance warning.

The M5 Automatic G-Agent Fixed Installation
Alarm, standardized in 1958, was the first detector
and alarm for G-series agents. The unit could de-
tect a G-series agent and sound an alarm in about
10 seconds. Unfortunately, the unit was 7 ft high
and 2 ft square. It was not suitable for the field and
was primarily used at Rocky Mountain Arsenal in
sarin production and filling plants.**

The M6 Automatic G-Agent Field Alarm, stan-
dardized also in 1958, was the first automatic elec-
tronic alarm for the detection of G-series agents for
field use. Owing to various problems, the alarm was
primarily used by the navy for dock monitoring.
The alarm was contained in a 24-Ib aluminum case
approximately 7 in. wide by 15 in. high. The opera-
tion of the alarm was based on the color formed
when any G-series agent came into contact with a
combined solution of o-dianisidine and sodium

pyrophosphate peroxide. Design of the alarm pro-
vided that a drop of this combined solution was
placed on a paper tape, which was moved (every 5
min) under two sampling spots, one of which sampled
ambient air while the other acted as a monitor to mini-
mize the effects of variations in light reflected from
the paper and fluctuations in electronics. The two
spots on the paper were viewed by two balanced
photo cells. If color developed on the sample side,
unbalance occurred between the cells and the
buzzer alarm triggered. As designed, it would func-
tion continuously unattended for a 12-hour period,
at which time it required fresh solutions and new
tape. One problem with the alarm was that it did
not function at temperatures below 32°F and there-
fore was not what the army needed.'*41%

A secondary approach to detection and alarm
was the beginning of the remote sensing capability.
In 1954, the Chemical Corps began development of
a small, simple alarm commonly called LOPAIR
(long-path infrared) (Figure 2-48). The principle
behind the operation of this device was that the G-
series agents absorb certain portions of the infra-
red spectrum. Such a device would scan the atmo-
sphere continuously in advance of troops and sound
a warning alarm when G-series agents were spot-
ted. The prototype performed satisfactorily up to
about 300 yd, but it weighed over 250 Ib and used
too much electrical power. An improved version

Fig. 2-48. A prototype long-path infrared (LOPAIR)
alarm, the E33 Area Scanning Alarm consisted of an in-
frared source, optical reflector, optical collecting system,
grating monochromator, and associated electronics. Pho-
tograph: Chemical and Biological Defense Command
Historical Research and Response Team, Aberdeen Prov-
ing Ground, Md.
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reduced both the weight (to 34 Ib) and the power
consumption. Its response time was 3 to 10 seconds.
A third version combined the best of each unit, with
a slight increase in weight but less power consump-
tion, and a range of a quarter mile. Although the
corps worked continuously on this approach, it
would not come to completion for another 40
years.'®

Decontamination

Although the Chemical Corps concentrated on
nerve agent programs during the 1950s, there was
one significant improvement for mustard agent
decontamination. In 1950, the corps standardized
super tropical bleach (STB) as the best decontam-
inant for persistent agents. The new bleach was
more stable in long-term storage, particularly in
temperature extremes, and was easier to spread
from a decontaminating apparatus, owing to its
more uniform consistency.*¥

Treatment for Nerve Agents

As a result of the introduction of nerve agents,
the Chemical Corps added atropine, an antidote to
G-series agent poisoning, to the World War Il M5
Protective Ointment Set by replacing one of the four
ointment tubes. The modified kit was designated
the M5A1 Protective Ointment Set in 1950. Since
atropine had to be circulated by the blood stream
to overcome the effects of the G-series agent, it was
packaged in syrettes, small collapsible metal tubes
filled with a solution of atropine and fitted with a
hypodermic needle at one end. A soldier was re-
guired to jab the needle into his thigh muscle and
force the atropine out by squeezing the tube. Later
in the decade, the M5 ointment was also found to
be effective against VV-series agents.”

Many soldiers, however, reportedly were afraid
to stick a needle into themselves. Therefore, a new
injector was developed: an aluminum tube, about
the size of a small cigar, containing a spring-driven
needle and cartridge containing atropine solution.
The soldier had simply to push the tube against his
thigh and pull a safety pin, and the spring drove
the needle into his leg. The new kit was standard-
ized in 1959 as the M5A2 Protection and Detection
Set.**

The recognized need for respiratory support for
the apneic victim of nerve agent exposure resulted
in the development of a resuscitation device that
could be attached to the M9 series of protective
masks (Figure 2-49).
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Fig. 2-49. With the advent of nerve agents and the recog-
nition that they cause respiratory paralysis, the army saw
the need to develop first-aid methods capable of provid-
ing artificial ventilation on the battlefield. The M28 mask-
to-mouth resuscitator was one such development. It con-
sisted of three parts: (1) a hose, which connected the
casualty and the rescuer; (2) a modified M9AL1 protec-
tive mask; and (3) an anesthetist-type oronasal mask. The
expiratory valve of the M9A1 mask was removed and
replaced by the hose. The rescuer inhaled through a stan-
dard canister (out of sight in the photograph) and
exhaled into the hose. Positive pressure in the hose con-
necting the casualty and the rescuer opened a double-
acting, demand-type, inlet-and-expiration valve in the
oronasal mask. This allowed the rescuer’s exhaled breath
to enter the casualty’s lungs. The second canister (seen
on the casualty’s chest) protected the casualty from in-
haling contaminated air when he began to breathe spon-
taneously. Note that none of the soldiers in this staged
photograph are protected against skin absorption. Pho-
tograph: Chemical and Biological Defense Command
Historical Research and Response Team, Aberdeen Prov-
ing Ground, Md.

The Growing Soviet Threat

The growing Soviet threat concerned the Chemi-
cal Corps and the U.S. Army throughout the decade.
Soviet Defense Minister Georgi Zhukov, while ad-
dressing the Communist Party Congress in Moscow
in 1956, warned: “[A]ny new war will be character-
ized by mass use of air power, various types of
rocket, atomic, thermo-nuclear, chemical and bio-
logical weapons.”1%r26)

In 1959, Major General Marshall Stubbs, the new
Chief Chemical Officer, assessed the growing So-
viet chemical threat:

Soviet chemical weapons are modern and effective
and probably include all types of chemical muni-
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tions known to the West, in addition to several dis-
semination devices peculiar to the Russians. Their
ground forces are equipped with a variety of pro-
tective chemical equipment and they are prepared
to participate in large scale gas warfare. They have
a complete line of protective clothing which will
provide protection in any gas situation and a large
variety of decontaminating equipment.t3(®r8-9

As for the biological threat, he added:

We can assume from available knowledge that they
are equally capable in biological warfare. The mass

of medical and technical reports published re-
cently by their scientists indicates increased
activity in this area. Soviet microbiologists and
military authorities have conducted BW tests at
an isolated location over a long period of time. It
is also known that the Communists have con-
ducted research and development leading to the
large scale production and storage of disease pro-
ducing and toxic agents. %%

He concluded: “I believe that | have given you
enough to make you aware that they pose a threat
to the free nations of the world.” 399

THE 1960s: DECADE OF TURMOIL

In 1960, Major General Stubbs talked to various
groups around the country on the need for a greater
sense of urgency in attaining chemical, biological,
and radiological preparedness. Contending that—
to both military and civilian populations—the threat
of chemical and biological warfare was as great as
the threat of nuclear warfare, he quoted a Soviet
source who, in 1958, had described the next war as
being distinguished from all past wars in the mass
employment of military air force devices, rockets,
weapons; and various means of destruction such
as nuclear, chemical, and bacteriological weapons.
Stubbs also reported that the Soviets had about one
sixth of their total munitions in chemical weapons.*®

In January 1961, Secretary of Defense Robert S.
McNamara initiated about 150 projects aimed at
giving him an appraisal of military capabilities. Two
of these—project 112 and project 80—had signifi-
cant impact on the chemical and biological weap-
ons program.

Project 112 had as its objective the evaluation of
chemical and biological weapons both for use as
strategic weapons and for limited war applications.
The result of this study was a recommendation to
highlight chemical and biological weapons and
particularly to increase long-term funding. In 1961,
these recommendations were basically approved for
immediate action by the deputy secretary of de-
fense. One of the responses was the creation of
Deseret Test Center, Utah, which was intended for
extracontinental chemical and biological agent test-
ing, including trials at sea, and arctic and tropical
environmental testing. The new center was jointly
staffed by the army, navy, and air force, with test-
ing scheduled to begin in 1962.

Project 80 resulted in a committee to review the
organization of the army. The conclusion of this
committee was to eliminate the technical services
and distribute their functions to various elements

of the new army organization. Secretary of Defense
McNamara felt that the Chemical Corps’s knowl-
edge, experience, and training was not being “in-
fused” into the rest of the army. The problem
appeared to be that the combat troops were “struc-
turally separated” from the Chemical Corps, par-
ticularly in the areas of research and development,
and training.'*

The chemical training of combat troops was a
major concern. Colonel John M. Palmer, command-
ing the Chemical Corps Training Command, re-
flected on the problem in 1960:

The quickest way to reduce the effectiveness of a
military training program is to train without pur-
pose or sense of urgency. Unfortunately, for
40 years an aimless approach has largely charac-
terized unit chemical warfare training in the
U.S. Army.... Much of the Army still appears to vi-
sualize chemical warfare, and related biological
warfare training, as an annoying distraction from
normal combat training.*#2%)

Based on these problems, the Defense Department
ordered a far-reaching realignment of functions in
1962. Most of the Technical Service headquarters
establishments, including that of the Chemical
Corps, were discontinued, and their functions
merged into three field commands. Thus, the train-
ing mission of the Chief Chemical Officer was
assigned to the Continental Army Command; the
development of doctrine to the new Combat Devel-
opment Command; and the logistical function, in-
cluding all arsenals, laboratories, and proving
grounds, to the equally new Army Materiel Com-
mand (AMC).

The effects of the reorganization were quickly
felt. Within 2 years, the chemical warfare training
program had been improved significantly. One jun-
ior officer described the changes:
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We have set up special 40-hour or 80-hour schools
so that we can have a trained CBR [chemical-bio-
logical-radiological] officer and noncommissioned
officer in every company-sized unit. We have as-
signed a chemical officer down to brigade, and a
chemical operations sergeant down to battalion. We
set aside a certain number of hours annually for
classroom instruction for the troops. We set up spe-
cial blocks of instruction for surveying and moni-
toring teams. We list CBR defense as a subject inte-
grated into our training schedules, and ... we may
even throw tear gas grenades or other agents at
troops in the field .31

The same officer, however, concluded that even
more realistic field training was still required to
prepare soldiers for the modern battlefield with
nuclear weapons, nerve agents, and biological
weapons.'®

Beginning of the Vietnam War

A growing guerrilla war in South Vietnam soon
made the army again reexamine its training pro-
gram, chemical warfare readiness, and its no-first-
use policy. One observer stated in 1963: “After years
of almost total lack of interest, the United States has
taken up guerrilla warfare training as though it
were something new under the sun.”*®? As part
of that sudden interest, the role of chemical weap-
ons again came under intense scrutiny and debate.
In 1963, one author stated: “The best way for the
U.S. to achieve its military aims in Southeast Asia
would be to rely on chemical warfare.”#®? He
described how soldiers could “sanitize” a particu-
lar area with gases and sprays that killed everything
from vegetation to humans.**

In 1966, a retired U.S. Army general suggested
that mustard gas be used as an invaluable weapon
for clearing Vietnamese tunnels. He thought the use
of low-lethality chemicals would save both Ameri-
can and Vietnamese lives by rendering the tunnels
useless.®

Other observers and authors also recommended
revising the no-first-use policy. Public opinion and
national policy opposing the use of toxic chemicals
apparently was the deciding factor against their
employment. The army did, however, utilize defo-
liants and nonlethal riot control agents in large
guantities. This caused a worldwide response that
required the army to quickly explain the differences
between lethal and nonlethal chemicals.

The expansion of hostilities in Vietham caused a
gradual rise in the level of development and pro-
curement of chemical warfare-related items. By vir-
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tue of their training and their specialized equip-
ment, Chemical Corps personnel were able to make
a number of contributions, primarily in the areas
of riot control and flame weapons.

Yemen Civil War

While the United States was still involved in the
Vietnam War, another small war in the Middle East
brought the subject of chemical warfare back from
being only hypothetical. In 1962, Yemeni dissidents
overthrew the monarchy and declared a republic.
Royalist forces then retreated into the mountains
of northern Yemen and initiated a counterrevolt
against the republican forces. Egypt (which prob-
ably had had a hand in the revolt) recognized the
new republic and sent military forces to help de-
feat the royalist troops, who were supported by the
kingdoms of Saudi Arabia and later Jordan.*®

Egyptian efforts to defeat the royalist forces
and destroy their civilian support bases proved par-
ticularly difficult in the mountainous terrain. Ap-
parently growing impatient with the successful
royalist guerrilla tactics, the Egyptian air force
allegedly dropped chemical-filled bombs on pro-
royalist villages to terrorize or Kkill not only the lo-
cal inhabitants but also, possibly, the royalists who
were hiding in caves and tunnels. The Egyptians
denied ever using chemical warfare during their
support of republican forces.

Most of the early accounts of chemical warfare
came from journalists in the area. The first reported
incident occurred in July 1963. This alleged attack
took place against the village of Al Kawma and
killed seven civilians. The United Nations investi-
gated the allegation by sending an observation team
to Yemen, but their report concluded there was no
evidence of a chemical attack.*’

Newspaper articles described additional chemi-
cal attacks taking place from 1963 to 1967, although
most disagreed on the dates, locations, and effects
of the attacks. The United States, involved in its own
controversy concerning the use of riot control agents
in Vietnam, took little notice of the reports.

Much like the progression of chemicals used
during World War |, the Egyptians allegedly started
with tear gases, which were meant to terrorize more
than kill; then progressed to mustard agents, which
caused more-serious casualties; and finally to nerve
agents, which were meant to kill large numbers
quickly. Prior to this, no country had ever used
nerve agents in combat. The combination of the use
of nerve agents by the Egyptians in early 1967 and
the outbreak of war between Egypt and Israel dur-
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ing the Six-Day War in June, finally attracted world
attention to the events in Yemen.

In January 1967, an attack occurred on the Yemeni
village of Kitaf. During this air raid, bombs were
dropped upwind of the town and produced a gray-
green cloud that drifted over the village. According
to newspaper accounts,*®*%? 95% of the population
up to 2 km downwind of the impact site died within
10 to 50 minutes of the attack. All the animals in
the area also died. The estimated total human ca-
sualties numbered more than 200. Still another at-
tack was reported to have taken place on the town
of Gahar in May 1967 that killed 75 inhabitants.
Additional attacks occurred that same month on the
villages of Gabas, Hofal, Gadr, and Gadafa, killing
over 243 occupants.

Shortly after these attacks, the International Red
Cross examined victims, soil samples, and bomb
fragments, and officially declared that chemical
weapons, identified as mustard agent and possibly
nerve agents, had been used in Yemen. The Saudi
government protested the Egyptian use of chemi-
cal weapons to the United Nations. U Thant, Secre-
tary-General of the United Nations, sought to
confirm the use of chemical weapons with the Egyp-
tians, but they denied it. The United Nations
apparently took little further notice of the situation.
The civil war officially ended in 1970 with a politi-
cal agreement between the republican and royalist
factions.

Egypt had been a signatory of the 1925 Geneva
Convention, which outlawed the use of chemical
weapons. Some accounts attributed the chemical
weapons to German scientists, usually described as
being former Nazis, who had been brought to Egypt
by President Nasser. Several sources reported that
the Soviet Union, through its friendship with Egypt,
used Yemen as a testing ground for its chemical re-
search program. Other reports mentioned Commu-
nist China as being the supplier, while still other
accounts had Egypt using old chemical munitions
left behind from World War Il stockpiles. ™%

Much of what the U.S. Army learned from the
Yemen Civil War was negative. Reports of possible
chemical use in certain areas of the world, particu-
larly those inaccessible to official and technical ob-
servers, were difficult to confirm or even to con-
demn without accurate and verifiable information.
News reports alone proved informative but unreli-
able. Even samples from the alleged attacks appar-
ently did not lead to further political or military
action. Most importantly, with the world distracted
by the Arab-Israeli Six-Day War and events in Viet-
nam, politics discouraged a universal condemna-

tion and follow-up response. In effect, the world pow-
ers let the event pass much as they had when Italy
used chemical warfare against Ethiopia in the 1930s.

1967 Arab-Israeli Six-Day War

The 1967 Arab-Israeli Six-Day War was described
as having come very close to being the first major
war where both combatants openly used nerve
agents and biological warfare. Fearing a pending
attack from its Arab neighbors, on 5 June 1967, the
Israelis launched a preemptive strike against Jor-
dan, Egypt, and Syria. This action included an in-
vasion of the Sinai Peninsula, Jerusalem’s Old City,
Jordan’s West Bank, the Gaza Strip, and the Golan
Heights.

Reports soon appeared that the Egyptians alleg-
edly had stored artillery rounds filled with nerve
agents in the Sinai Peninsula for use during a war.
The Israelis, reflecting on Egypt’s possible testing
of the weapons in Yemen earlier in the year, sud-
denly realized that their troops and cities were vul-
nerable to attack. The fact that chemical weapons
were not used during the war was possibly due to
the Israelis’ preemptive action or possibly to the
newspaper reports of the Yemen Civil War. The Is-
raelis felt threatened enough to place frantic orders
for gas masks with Western countries. However, this
last-minute plea for gas masks and nerve agent an-
tidote came too late to have prevented enormous
casualties if nerve agents had been employed. The
Egyptians, on the other hand, claimed that Israel
was preparing for biological warfare. A United
Nations—sponsored cease-fire ended the fighting on
10 June 1967, and the potential chemical-biological
war did not occur, 84148149155

Chemical Agents

While concern over the potential and actual use
of chemical agents grew during the 1960s, the
United States also continued its chemical agent pro-
duction program. Construction of the United States’s
VX agent production plant at Newport, Indiana, was
completed in 1961, when the first agent was produced
(Figure 2-50). The production plant was only oper-
ated for 7 years, and it was placed in standby in 1968.°

The first and only incapacitating agent (exclud-
ing riot control agents) standardized by the army
completed development in 1962. Designated BZ, 3-
quinuclidinyl benzilate was a solid but was dissemi-
nated as an aerosol. The major problem with the
agent for military purposes was its prolonged time
of onset of symptoms. The estimate was 2 to 3 hours
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Fig. 2-50. The first three steps of VX nerve agent produc-
tion were completed in these structures at Newport, In-
diana. The technological level of chemical engineering
needed to make this agent is vastly more complicated
than that required to make mustard and phosgene dur-
ing the World War | era. Photograph: Chemical and Bio-
logical Defense Command Historical Research and Re-
sponse Team, Aberdeen Proving Ground, Md.

before the enemy would become confused and
therefore vulnerable. This was a disappointment to
those hoping for a quick-use, nonlethal agent as an
alternative to lethal agents. A second problem was
its visible cloud of smoke during dissemination,
which limited the element of surprise.**

New Chemical and Biological Weapons

Having concentrated on nerve agent bombs dur-
ing the 1950s, the Chemical Corps turned its atten-

Fig. 2-51. The M23 VX land mine. Most of the interior
was to be filled with the nerve agent VX. Photograph:
Chemical and Biological Defense Command Historical Re-
search and Response Team, Aberdeen Proving Ground, Md.

58

Fig. 2-52. The M55 115-mm rocket could hold the nerve
agents VX or sarin. The problem was the aluminum war-
head, which began leaking soon after production. Pho-
tograph: Chemical and Biological Defense Command
Historical Research and Response Team, Aberdeen Prov-
ing Ground, Md.

tion to artillery, rocket, and other delivery systems
during the 1960s. In 1960, the corps standardized
the first nerve agent land mine, designated the M23
2-gal VX mine (Figure 2-51). This mine resembled
the conventional high-explosive land mine, but held
about 11.5 Ib of agent. It was designed to be acti-
vated either by a vehicle’s running over it or by an
antipersonnel antitampering fuze.

In 1961, the Chemical Corps standardized two
new VX projectiles for artillery. The M121A1 was
an improved version of the earlier sarin round. Each
round held about 6.5 Ib of agent. The M426 8-in.
sarin or VX projectile held more than 15.5 Ib of
agent.®

The early 1960s was the peak of the nerve agent
rocket program. The program was first started at
the end of World War Il to duplicate the German V-
2 missiles used against England. The United States
eventually developed both short-range and long-
range rockets.

For short-range tactical support, the Chemical
Corps standardized the M55 115-mm rocket in 1960
(Figure 2-52). Described as the first significant
ground capability for the delivery of chemical
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Fig. 2-53. A chemical warhead for the Honest John rocket.
It was designed to break apart and disperse the spheri-
cal bomblets of nerve agent. Photograph: Chemical and
Biological Defense Command Historical Research and
Response Team, Aberdeen Proving Ground, Md.

agents since the 4.2-in. chemical mortar, the M55
was loaded with 11 Ib of VX or sarin nerve agent.
The range when fired from the M91 multiple rocket
launcher was over 6 miles. Each launcher held 45 rock-
ets that could be fired simultaneously. The army ini-
tially approved 40,000 sarin-filled and 20,000 VVX-filled
rockets, but many more were actually filled.**

For middle-range tactical support, the Chemical
Corps standardized the M79 sarin warhead for the
762-mm Honest John rocket in 1960 (Figure 2-53).
The rocket had a range of 16 miles, and the war-
head held 356 M134 4.5-in. spherical bomblets, each
containing about 1 Ib of sarin. A smaller warhead was
standardized in 1964 for the 318-mm Little John rocket,
which held 52 of the improved M139 4.5-in. spherical
bomblets, each holding 1.3 Ib of sarin (Figure 2-54).

The first long-range rocket warhead was stan-
dardized the same year for the Sergeant missile sys-
tem. The missile had a range of 75 miles and the
warhead held 330 M139 sarin bomblets. More de-
velopmental projects added chemical warheads to
other long-range missiles, such as the Pershing mis-
sile, which had a range of over 300 miles.

Development of rockets as delivery systems for
biological agents also reached its peak during the
1960s. The M210 warhead for the Sergeant missile
held 720 M143 bomblets. The M143 1-Ib spherical
bomblet was smaller than the sarin version, being
only 3.4 in. in diameter. Each bomblet held about
212 mL of agent. If released at about 50,000 ft, the
dispersion of the bomblets would cover about 60
square miles.

In addition to the rocket program, the Chemical
Corps examined several drones for delivery of
chemical and biological agents. The SD-2 Drone was

a slow (300 knots), remote-controlled, recoverable
drone that could hold over 200 Ib of either nerve
agent or biological agents. It had a range of about
100 nautical miles and could disperse agent over
about 5 to 10 nautical miles. The SD-5 was an im-
provement that used a jet engine that gave it speeds
of over Mach 0.75 and a range of over 650 nautical
miles. The added horsepower allowed it to hold
about 1,260 Ib of chemical or biological agent, which
was discharged through a tail nozzle.

The BZ program also reached weaponization sta-
tus in the 1960s. In 1962, the Chemical Corps stan-
dardized the M43 750-1b BZ Bomb Cluster and the
M44 175-Ib BZ Generator Cluster. The M43 held 57
M138 BZ bomblets. The M44 held three 50-1b ther-
mal generators, each holding 42 BZ canisters.’

Biological Agents and Weapons

By the 1960s, the U.S. Biological Warfare Program
was in decline. Funding for the program gradually
decreased throughout much of the 1960s, from $38
million in 1966 to $31 million in 1969. In 1961, the
army announced that new biological agents would
be standardized in conjunction with munitions. This
proved a further limiting factor, as the demand for
biological munitions decreased.™

Fig. 2-54. The M139 4.5-in. spherical sarin bomblet used
in the Little John rocket. The vanes on the outside of the
bomblet created a spin that then armed the impact fuze.
The explosive burster is in the center and sarin fills the
two outer compartments. Photograph: Chemical and Bio-
logical Defense Command Historical Research and Re-
sponse Team, Aberdeen Proving Ground, Md.
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Despite budget and development constraints, the
army continued to work on the antipersonnel
agents. The standardization of dry Pasteurella
tularensis was considered a significant improvement
over the liquid suspension used by most agents. Dry
agents were more adaptable to storage, shipping,
and logistical considerations. The research into dry-
ing methods for living agents was begun during the
Korean War. The method adopted for P tularensis
was to freeze droplets of a concentrated liquid cul-
ture with liquid Freon, drying the resultant pellets,
and reducing the product to a particle diameter of
about 5.5 um by means of a milling operation. The
stabilizer used as a protective suspension contained
skim milk and sucrose. A gram of the packaged
product contained about 14.7 x 10° viable cells and
had a 3-year storage stability when stored in a dry
nitrogen atmosphere at -18°C.*%®

The antiplant program was resumed for the U.S.
Air Force in 1962. Agent production was conducted
at Pine Bluff Arsenal. Field tests of wheat stem rust
and rice blast disease were conducted at several
sites in the midwestern and southern United States
and on Okinawa. The same year, the Defense De-
partment requested additional work on defoliation
and antiplant activities owing to the ongoing events
in southeast Asia. In 1962, the Chemical Corps ini-
tiated a crash project for the production of wheat
stem rust under Rocky Mountain Arsenal supervi-
sion. Other work included trying to find pathogens
suitable for use against the opium poppy crop.**

During the 1960s, the army conducted large-scale
tests using the biological simulant Bacillus globigii
(code name BG) at various places in the public do-
main to access the dangers of covert biological at-
tacks. For example, in 1965, BG was tested at Na-
tional Airport and the Greyhound Terminal in
Washington, D. C. In 1966, BG was disseminated in
New York City within the subway tubes and from
the street into the subway stations in mid Manhat-
tan. The results confirmed that a similar real covert
attack would have infected a large number of people
during peak traffic periods.

The army also conducted antianimal testing us-
ing BG at several stockyards in Texas, Missouri,
Minnesota, South Dakota, lowa, and Nebraska be-
tween 1964 and 1965. Antiplant testing using the
wheat stem rust fungus was also conducted at
Langdon, North Dakota, in 1960 and Yeehaw Junc-
tion, Florida, in 1968.%

By the 1960s, the army was in the process of de-
veloping vaccines for most of the biological agents
standardized or in development. A 1965 volunteer
consent form provides insight into the pertinent
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agents (Exhibit 2-2). Attached to the consent form
for vaccines was an order to also administer selected
live agents to the participants.’%°

New Defensive Equipment

The most significant advancement in individual
protection was a new version of the M17 Protective
Mask, designated the M17A1, which introduced
two new concepts in 1966 that were long overdue.
The first was a resuscitation device for the mask,
which was required to allow soldiers to provide
artificial respiration without unmasking. Although
atropine injections were an effective antidote for the
anticholinesterase effects of nerve agents, artificial
respiration was required to counteract the effects
of the agent on the respiratory system.

The second new concept was a drinking tube. The
drinking capability allowed a soldier to drink from
his canteen in a contaminated battlefield without
unmasking. This was considered critical because of
the longer times required to wear protective gear
around persistent nerve agents and the possible use
of the mask in desert and tropical climates.®

The need to provide air conditioning and pro-
tection against chemical and biological agents to
workers in the army’s NIKE missile-control vans
resulted in the development of a trailer-mounted
unit adopted for limited production in 1961. After
some improvements, the unit was standardized in
1963 as the M1 Collective Protection Equipment.
Initially, 288 of the units were ordered, but addi-
tional similar needs for collective protection quickly
became apparent.*®

For the U.S. Army, one requirement that was
further supported by lessons learned from the 1967
Six-Day War was the need for an automatic field-
alarm system. In 1968, the army solved the 2-decades-
old problem by standardizing the M8 Portable
Automatic Chemical Agent Alarm. The 4-year de-
velopment effort covered the gap that had left U.S.
soldiers vulnerable to a surprise nerve agent attack.
The unit consisted of the M43 detector unit and the
M42 alarm unit. Additional alarms could be con-
nected.®

The alarm used an electrochemical point-
sampling system that continuously monitored the
atmosphere and sounded an audible or visible
warning of even very low concentrations of nerve
agents. Actual detection occurred when air was
passed through an oxime solution surrounding a
silver analytical electrode and a platinum reference
electrode. Presence of an agent caused a reaction in
the solution, which increased the potential between
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EXHIBIT 2-2
CONSENT TO INOCULATION WITH EXPERIMENTAL BIOLOGICAL PRODUCTS

It has been explained to ne that it is necessary for ny safety and
protection to be inoculated with certain biological products approved by
the Arny Investigational Drug Review Board but not yet approved by the
Commi ssi oner of Food and Drugs, Departnent of Health, Education and
Wel fare. | understand that the admi nistration of these products will
provide future additional evidence of their safety and useful ness.

| hereby consent™ to inoculation with any or all of the follow ng
bi ol ogi cal products to include the initial series and booster inmuniza-
tions as required:

1) Venezuel an Equi ne Encephal onyelitis Vaccine, Live, Attenuated.
2) Live Tularem a Vacci ne.

3) Anthrax Vaccine (non-viable), alum num hydroxi de adsor bed.

4) Botulinum Toxoid, Types A B C D E, alum num phosphate adsorbed.
5) Tularem a Skin Test Antigen.

6) Rift Valley Fever Virus Vaccine.

7) Q Fever Vacci ne.

8) Eastern Equi ne Encephal onyelitis Vaccine.

9) Western Equi ne Encephal onyelitis Vaccine.

W TNESSES:
(Dat e) (Signature) (Signature)
(Dat e) (Si gnature) (Signature)

SMUFD FORM 8 ( Rev)
May 65

*It is unclear how the volunteer signified consent. Note that this form does not contain a blank for the volunteer’s signature.
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the electrodes. The change in potential, when am-
plified, triggered the alarm signal. The unit could
detect almost all chemical agents, including the
nerve agents.

In 1960, the Chemical Corps made a significant
improvement in the area of decontamination.
DANC had proven to be particularly corrosive to
the brass parts of the M2 Decontaminating Appa-
ratus, so the Chemical Corps spent almost 2 decades
developing Decontaminating Solution 2 (DS2,
manufactured then by Pioneer Chemical Co., Long
Island City, New York). DS2 was a clear solution of
70% diethylenetriamine, 28% methyl cellosolve
(ethylene glycol monomethyl ether), and 2% so-
dium hydroxide. This decontaminating agent did
not solve all problems, either. It was known to re-
move and soften new paint, and to discolor old
paint. It was also irritating to the skin. Its good
points were that DS2 was less corrosive to metals
and less destructive to plastics, rubber, and fab-
rics.’®! In conjunction with the standardization of
DS2, the Chemical Corps also developed the M11
1.5-qt Portable Decontaminating Apparatus, a fire
extinguisher-type unit compatible with DS2, which
was used to decontaminate vehicles and weapons.®

Public Hostility Toward Chemical and Biological
Weapons

The growing protests over the U.S. Army’s role
in Vietnam, the use of defoliants, the use of riot con-
trol agents both in Southeast Asia and on the home
front, and heightened concern for the environment
all gradually increased the public hostility toward
chemical and biological weapons. Three events par-
ticularly galvanized public attention: the sheep-kill
incident at Dugway Proving Ground, Operation
CHASE, and an accident with sarin at Okinawa.
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Dugway Sheep-Kill Incident

The first event, according to Dugway Proving
Ground'’s incident log, started with a telephone call
on Sunday, 17 March 1968:

At approximately 1230 hours, Dr. Bode, University
of Utah, Director of Ecological and Epidemiologi-
cal contract with Dugway Proving Ground (DPG),
called Dr. Keith Smart, Chief, Ecology and Epide-
miology Branch, DPG at his home in Salt Lake City
and informed him that Mr. Alvin Hatch, general
manager for the Anschute Land and Livestock
Company had called to report that they had 3,000
sheep dead in the Skull Valley area.62PA-D)

Skull Valley was adjacent to Dugway, one of the
army’s open-air testing sites for chemical weapons.
Although the findings were not definite, the gen-
eral opinion seemed to be that nerve agents had
somehow drifted out of the test area during aerial
spraying and had killed the sheep. Whether the
army was guilty or not, the end result was bad pub-
licity and, even more damaging, congressional out-
rage.

Operation CHASE

The second event was actually a series of sea
dumps of surplus chemical warfare agents and a
problem weapon system (Figure 2-55). These sea
dumps created significant environmental concerns
throughout the country. The surplus agents were
mustard agent (primarily) and some nerve agent.
The problem weapon system was the relatively new
M55 rocket system. Although the M55 had been
standardized only 7 years before, the thin alumi-
num head design proved faulty for long-term stor-
age. The problem of leaking rockets started in 1966,

Fig. 2-55. The disposal at sea of sur-
plus and leaking chemical munitions
and radiological wastes generated
environmental concerns that eventu-
ally brought sea dumping to a halt.
Photograph: Chemical and Biological
Defense Command Historical Re-
search and Response Team, Aberdeen
Proving Ground, Md.
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and a year later, the army began disposing of the
rockets, sealed in concrete vaults in the hulls of
ships that were then sunk in ocean-disposal sites.

Operation Cut Holes and Sink ’"Em (CHASE), an
ongoing program for disposing of conventional
ammunition, began accepting chemical weapons in
1967. That year, CHASE 8 disposed of mustard
agent in ton containers, and M55 sarin rockets. In
June 1968, CHASE 11 disposed of sarin and VX in
ton containers, along with additional M55 sarin and
VX rockets. In August 1968, CHASE 12 disposed of
mustard agent in ton containers.®

The sea dumps created two major concerns. The
first was that the weapons were being shipped from
their storage depots by train to the loading docks.
Fear of an accident along the way was paramount.
Second, sea dumping and its effects on marine life
were sources of environmental and commercial con-
cern and protest.

Accident at Okinawa

The third event was a serious accident. On 8 July
1969, the army announced that 23 U.S. soldiers and
1 U.S. civilian had been exposed to sarin on
Okinawa. The soldiers were cleaning sarin-filled
bombs preparatory to repainting them when the
accident occurred.?

Although none of the individuals died, the pub-
lic announcement created two controversies. First,
up until that time, the army had kept secret the for-
ward positioning of chemical weapons on Okinawa.
The acknowledgment created international con-
cerns. Second, the accident pointed out the dangers
of storing chemical weapons. With chemical weap-
ons known to be stored at sites in the continental
United States near cities and residential areas, the
fear of an accident escalated. In response to these
concerns, the Defense Department announced on
22 July 1969 that they would accelerate the previ-
ously planned removal of the chemical agents from
Okinawa. '

Changes to the Chemical and Biological Warfare
Programs

In April 1969, the secretary of defense tried to
explain the U.S. chemical warfare policy to both the
general public and to congress. In part, he stated:

It is the policy of the United States to develop and
maintain a defensive chemical-biological (CB) ca-
pability so that U.S. military forces could operate
for some period of time in a toxic environment if

necessary; to develop and maintain a limited of-
fensive capability in order to deter all use of CB
weapons by the threat of retaliation in kind; and to
continue a program of research and development
in this area to minimize the possibility of techno-
logical surprise, 6P

The explanation did not help. In July, the United
Nations released a report on chemical and biologi-
cal weapons that condemned production and stock-
piling of weapons of mass destruction. Six days
later, the United States acknowledged the Okinawa
accident.?

Congress stepped in and on 11 July 1969 revealed
that the army was conducting open-air testing with
nerve agents at Edgewood Arsenal (the name of the
Army Chemical Center had reverted back in 1963)
and at Fort McClellan during training events.
Shortly after the disclosure, more than 100 protest-
ers were at the gates of Edgewood Arsenal. Three
days later, buckling to the pressure, the army an-
nounced suspension of open-air testing at the two
sites. Quickly rushing an independent committee
together, the army promised to conduct a safety
review of all such testing. The positive publicity of
creating the new committee was soon forgotten
when the army revealed that they had also con-
ducted nerve agent testing in Hawaii between 1966
and 1967, something the army had previously denied.?

In October, the secretary of the army announced
that the committee had completed its study. The
committee reached the following conclusion:

The lethal testing program at Edgewood Arsenal
during the past two decades has compiled an en-
viable record for safety. The testing procedures that
have been evolved are clearly effective in minimiz-
ing danger to base personnel and civilians in adja-
cent areas. 1651

The committee’s only major concern was the move-
ment of chemical agents by truck on public roads;
the committee recommended resumption of lethal-
agent, open-air testing at Edgewood.*®

Before testing resumed, however, the U.S. Con-
gress passed Public Law 91-121 in November. This
law imposed controls on the testing and transpor-
tation of chemical agents within the United States;
and the storage, testing, and disposal of agents out-
side the United States. Further open-air testing of
lethal chemical agents was effectively banned.?

In November 1969, President Richard M. Nixon
took action against chemical and biological warfare.
First, he reaffirmed the no-first-use policy for
chemical weapons:
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I hereby reaffirm that the United States will never
be the first country to use chemical weapons to kill.
And | have also extended this renunciation to
chemical weapons that incapacitate. %%

Second, he decided to resubmit the 1925 Geneva
Protocol to the U.S. Senate for ratification. The sen-
ate had refused to ratify the treaty when it was first
signed, and President Harry S Truman had with-
drawn the treaty from the senate in 1947.

Third, President Nixon renounced the use of bio-
logical weapons and limited research to defensive
measures only:

I have decided that the United States of America
will renounce the use of any form of deadly bio-
logical weapons that either kill or incapacitate. Our
bacteriological programs in the future will be con-

fined to research in biological defense on tech-
niques of immunization and on measures of con-
trolling and preventing the spread of disease. | have
ordered the Defense Department to make recom-
mendations about the disposal of the existing
stocks of bacteriological weapons. 66>

He concluded by explaining his future hopes:

Mankind already carries in its own hands too many
of the seeds of its own destruction. By the examples
that we set today, we hope to contribute to an at-
mosphere of peace and understanding between all
nations, 169

These actions effectively stopped the production of
chemical and biological weapons in the United
States. ™

THE 1970s: THE NEAR END OF THE CHEMICAL CORPS

Throughout the 1970s, the chemical and biologi-
cal warfare programs experienced further restric-
tions and tightened controls. In February 1970,
President Nixon added toxins to the banned weap-
ons and ordered all existing stocks of toxin agents
destroyed. About a month later, the army revealed
that it had conducted both chemical and biological
testing in Alaska but reported that the testing had
stopped. The army also announced that the chemi-
cal weapons on Okinawa would be moved to
Umatilla Army Depot in Oregon. This triggered a
series of lawsuits that attracted the concern of con-
gress. The next year, Public Law 91-672 was enacted,
which prohibited the army from moving the weap-
ons from Okinawa to anywhere on the U.S. main-
land. Finally, Operation Red Hat moved the stock-
pile on Okinawa to Johnston Atoll, a small U.S.
island in the South Pacific, for long-term storage
and eventual demilitarization.

Demilitarization was not an easy project; height-
ened environmental concerns characterized the
1970s. One last sea dump took place in 1970, when,
despite much negative press, CHASE 10 disposed
of more M55 sarin rockets. (CHASE 10 had origi-
nally been scheduled earlier; although now out of
numerical order, the designation was unchanged.)
Two years later, Public Law 92-532 was enacted,
which prohibited the sea dumping of chemical
munitions.

Between 1971 and 1973, all remaining biological
weapons were destroyed at Pine Bluff Arsenal,
Rocky Mountain Arsenal, and Fort Detrick. In 1972,
the United States signed the Convention on the Pro-
hibition of the Deployment, Production, and Stock-

64

piling of Bacteriological and Toxin Weapons. This
convention banned development, production,
stockpiling, acquisition, and retention of biological
agents, toxins, and the weapons to deliver them.
The senate ratified the Biological Warfare Convention
in 1974 and President Gerald R. Ford signed it in 1975.

Although President Nixon had called in 1969 for
the ratification of the Geneva Protocol, it took a few
more years. In 1974, the U.S. Senate ratified the Pro-
tocol, and President Ford officially signed it on 22
January 1975. He did, however, exempt riot control
agents and herbicides from inclusion in the agree-
ment. ®

The events of 1969 had a severe impact on the
future of the U.S. Army Chemical Warfare Program.
Two senior department of defense personnel
reflected on the impact the restrictions had during
the 1970s:

During most of the 1970s, the United States allowed
its chemical retaliatory capability to decline, did
little to improve chemical protection, and neglected
relevant training and doctrine. The United States
has not produced lethal or incapacitating chemical
agents, or filled munitions since 1969."(9

The army actually made plans to abolish the
Chemical Corps entirely. In 1973, with the signing
in Paris, France, of the peace pacts to end the Viet-
nam War, and with the end of the draft, the army
recommended reducing the Chemical Corps in size
and eventually merging it with the Ordnance Corps.
As the first step, the army disestablished the Chemi-
cal School at Fort McClellan, Alabama, and com-
bined it with the Ordnance School at Aberdeen
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Proving Ground, Maryland. Congress, however,
blocked the complete disestablishment of the
corps.’®* Still, one observer noted: “As an addi-
tional ordnance career field, the chemical specialty
almost withered and died at Aberdeen.”*"*(19

1973 Arab-Israeli Yom Kippur War

Then another war quickly brought chemical war-
fare preparedness back to the forefront. The Arab-
Israeli Yom Kippur War lasted only from 6 October
to 24 October 1973, but the ramifications for the U.S.
chemical program lasted much longer. The Egyp-
tian and Syrian attack against Israel on Yom Kip-
pur and the successful Israeli counterattacks ended
with a cease fire. Both sides took enormous losses
in personnel and equipment.

Following the Yom Kippur War, the Israelis ana-
lyzed the Soviet-made equipment they captured
from the Egyptians and Syrians. They discovered
(a) portable chemical-proof shelters, (b) decontami-
nation equipment for planes and tanks, and (c) that
most Soviet vehicles had air-filtration systems on
them to remove toxic chemicals.

Another item of note was a Soviet PKhR-MV
Chemical Agent Detector Kit for Medical and Vet-
erinary Services. The set consisted of a hand pump,
detector tubes, reagents in ampules, dry reagents,
test tubes, and accessories. It was designed to de-
tect nerve, blister, and blood agents. Exploitation
by the U.S. specialists determined that it could de-
tect low concentrations of nerve agents, mustard
agent, cyanide, Lewisite, and heavy metals in aque-
ous solutions. It could also detect the same agents
in addition to cyanogen chloride and phosgene in
the atmosphere. One noted problem with the kit
was that the procedures for using it were extremely
difficult to carry out while wearing a protective suit.
In addition, the glass ampules were fragile and
broke easily.'”

Overall, the experts reported finding sophisti-
cated chemical defense materiel and a “superior
quantitative capability for waging a chemical
war.”'?®349) The indications were that the Soviets
were ready for extensive chemical warfare and
might actually be planning to initiate chemical war-
fare in a future war. Soviet division commanders
were thought to already have authority to initiate
chemical warfare.'*

Restoring the Chemical Corps

The combination of (a) the findings of sophisti-
cated Soviet chemical defense materiel and their

capability for waging chemical war and (b) the de-
cline of the U.S. Army Chemical Corps called for
corrective action. The army concluded the following:

To offset this, U.S. chemical/biological (CB) defense
materiel must not only provide a protective system
equivalent to or better than that of any potential
enemy but the physiological and logistics burdens
must be such as to permit long-term use. To cope
with the hazards of any potential CB-threat envi-
ronment requires the development of an integrated
CB defense system. This system must contain items
for individual protection, collective protection,
decontamination, warning and detection, and safe
devices and concepts to achieve realistic training.
An effective technological base is needed from
which such materiel, responsive to user needs, can
be quickly developed.'3®%9

In 1976, the secretary of the army reversed the
decision to abolish the Chemical Corps. He cited
the heightened awareness of the Soviet Union’s ca-
pability to wage chemical warfare as the primary
reason. In 1977, the United States started a new effort
to reach an agreement with the Soviets on a verifiable
ban on chemical weapons. This effort was unsuccess-
ful. Partly as a result, the Chemical School was rees-
tablished at Fort McClellan in 1979.1777-181

Binary Weapons Program

The end of the chemical weapons production
program had stopped production but left one type
of chemical retaliatory weapon still in development.
Back in the 1950s, the army had begun looking at
binary weapons. Until that time, chemical weapons
were unitary chemical munitions, meaning that the
agent was produced at a plant, filled into the mu-
nitions, and then stored ready to be used. Since most
agent was extremely corrosive, unitary munitions
were logistical nightmares for long-term storage.
The binary concept was to mix two less-toxic mate-
rials and thereby create the nerve agent within the
weapon after it was fired or dropped. Because the
two precursors could be stored separately, the prob-
lems of long-term storage and safe handling of
chemical weapons were therefore solved. The navy
took the greater interest in the binary program dur-
ing the 1960s and requested a 500-1b bomb desig-
nated the BIGEYE. Only after the production of
unitary chemical munitions was halted did the bi-
nary program receive high priority in the army,
however. In fact, the last open-air test with lethal
agents had taken place at Dugway Proving Ground
on 16 September 1969, when a 155-mm projectile
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filled with sarin binary reactants was test fired.
Throughout the early 1970s, additional test firings
took place using simulants. In 1976, the army stan-
dardized the M687 Binary GB2 155-mm Projectile.

The binary projectile used a standard M483A1
155-mm projectile as the carrier of the chemical
payload (Figure 2-56). Binary chemical reactants
were contained in two separate, plastic-lined, her-
metically sealed containers. These leakproof canis-
ters were loaded through the rear of the shell and
fitted one behind the other in the body of the pro-
jectile. The forward canister contained methyl-
phosphonic difluoride (DF) and the rear canister
contained isopropyl alcohol and isopropylamine
solution (OPA).

To ensure safe handling, M687 projectiles were
shipped and stored with only the forward DF-filled
canister in place. A fiberboard spacer occupied the
cavity provided for the OPA canister. Projectiles
were secured horizontally on a pallet, as opposed
to the conventional vertical position for other 155-
mm projectiles. This orientation permitted rapid
removal of the projectile’s base using a special
wrench. The fiberboard spacers were removed and
replaced with the OPA canisters. The fuze was then
installed just prior to firing. Upon firing, setback
and spin forces caused the facing disks on the can-
isters to rupture, allowing the reactants to combine
to form sarin en route to the target.'s2!#

Fig. 2-56. (a) The M687 GB2 binary 155-mm projectile,
which was standardized in 1976 but not produced until
a decade later. (b) A diagram of the M687 GB2 binary
155-mm projectile. To appreciate the sophistication of this
weapon, the reader should compare this drawing with
Figure 2-2. Photograph (a): Chemical and Biological De-
fense Command Historical Research and Response Team,
Aberdeen Proving Ground, Md. Photograph (b): Re-
printed from Department of the Army. Binary Chemical
Munitions Program. Aberdeen Proving Ground, Md:

Environmental Impact Statement ARCSL-EIS-8101. L __ I ___ E ___ .

Chemical Systems Laboratory; 1981: 5. Programmatic
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In addition to the M687 projectile, the army also
worked on the BLU-80/B (BIGEYE) VX2 bomb
and projectiles of other size, including an 8-in.
projectile. None of these, however, were ever
standardized. Standardization of the M687 did
not lead immediately to production. The same year
the M687 was standardized, the U.S. Congress
passed the Department of Defense Appropriation
Authorization Act, which restricted the develop-
ment and production of binary chemical weapons
unless the president certified to congress that such
production was essential to the national interest.
Thus, the army would take another decade to lo-
cate the production plants, pass environmental in-
spection, receive presidential approval, and begin
production.®

Detection Improvements

Although the M8 detector/alarm solved the ad-
vance warning problem, soldiers still needed a
quick test to confirm the presence of chemical
agents. The problem was solved with the standard-
ization of M8 detector paper in 1973. The paper was
a Canadian development. It was packaged in book-
lets of 25 sheets (perforated for easy removal) sized
4 x 2Y2 in. M8 detector paper turned dark blue for
V agents, yellow for G-series agents, and red for
mustard agent.*®
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There were some problems with the paper, the
most important of which was that some less-dan-
gerous agents gave responses similar to mustard
agent. Benzene, DANC, and defoliating agents pro-
duced a red response; sulfuric acid produced a black
response; and organophosphate insecticides pro-
duced a yellow response.’®

Collective Protection Improvements

One particular area of development that gained
significantly from the resurgent interest in chemi-
cal and biological defense was collective protection.
Increasing numbers of combat and combat-support
vehicles with integrated chemical and biological
collective protection systems were reported to be
appearing throughout the Warsaw Pact area. These
reports resulted in a closer look at the U.S. situa-
tion.'®

The army was already examining collective
protection for some military vehicles and, in par-
ticular, the missile-control vans. The need for col-
lective protection for vans and vehicles used for
command posts, fire direction, rest and relief shel-
ters, and medical aid stations resulted in the
standardization of the M14 Collective Protection
Equipment in 1970. This equipment was designed
to protect occupants of the M291A2 and M292 se-
ries of vans against airborne toxic agents.™

Work during the 1960s on the CB Pressurized Pod
resulted in the standardization of the M51 Shelter
System in 1971. The unit was an easily transport-
able, pressurized enclosure. It could be air-dropped
or towed to provide protection from chemical and
biological agents in the field for combat, combat
support, and combat service support troops. The
M51 was a double-walled, air-inflated, self-support-
ing shelter and airlock structure. When erected, the
shelter was semicircular in cross-section with a
maximum inside height of 7.5 ft, with inside dimen-
sions of 15 x 14 ft. An airlock entrance (with a set of
double doors at each end) on the front was 11 (I) x
4.2 (w) x 6.7 (h) ft in dimension. The filter and sup-
port equipment were mounted on a two-wheeled
trailer.’®

Despite these developments, congress got in-
volved in 1977 and included in the Department of
Defense Appropriation Authorization Act a section
that stated:

The Secretary of the Army shall submit to the Com-
mittees on Armed Services of the Senate and House
of Representatives, no later than February 1, 1978,
a plan for the funding and scheduling necessary to

incorporate by October 1, 1980, collective system
protection against chemical and radiological agents
for all main battle tanks, mechanized infantry com-
bat vehicles, armored personnel carriers, armored
self-propelled artillery vehicles, armored self-pro-
pelled air defense artillery vehicles, and other such
types of equipment associated with the above in
combat operations which will be in development
or procurement in fiscal year 1981.%%

This law launched an intensive effort to determine
the chemical vulnerability of all army vehicles. The
initial concentration was on ventilated facepieces
and a mixture of positive-pressure and hybrid sys-
tems for selected rear-area vehicles.

Growing Danger of Chemical and Biological
Warfare

Starting in about 1975, reports of the use of
chemical and biological agents in various small
wars in Southeast Asia and Afghanistan began to
attract attention in the United States. Interviews
with Hmong villagers in Laos suggested that Viet-
namese and Russian forces might have used chemi-
cal and possibly toxin weapons against these
people. Starting in 1978, similar reports from
Kampuchea claimed that the Vietnamese and their
allies had killed over 980 villagers using chemical
weapons. Prior to the Soviet invasion of Afghani-
stan in December 1979, reports were already circu-
lating that Soviet troops were using chemical weap-
ons against the mujahidin soldiers.

The Soviets legitimized their use of chemical and
biological weapons because, although they had
signed the Geneva Protocol in 1928, Laos, Kampuchea,
and Afghanistan were not signatories. The Soviet
Union, Laos, and Afghanistan signed the Biologi-
cal Weapons Convention, but the allegations of
toxin use were never acknowledged by the Soviets
or their allies. In fact, when the Soviets signed the
Biological Weapons Convention in 1975, they added
the statement: “the Soviet Union does not possess
any bacteriological agents and toxins, weapons,
equipment or means of delivery.”*®®% Other intel-
ligence sources thought that the Soviets considered
most toxins to be chemical agents, and therefore not
subject to the Biological Weapons Convention. If
toxins were considered to be chemical agents, then
the Soviets would be permitted under the Geneva
Protocol to use them in retaliation or against
nonsignatories.*®

The use of chemical and biological weapons by
the Soviets was taken as an indication that the So-
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viets were continuing an active chemical and bio-
logical program. This program, however, did not
continue without costs. In April 1979, a sudden out-
break of anthrax occurred in Sverdlovsk, in the Ural
Mountains. At the time, the etiology of the outbreak
was explained by the Soviets as human ingestion
of beef from cattle that had been contaminated by
naturally occurring anthrax spores in the soil. U.S.

intelligence officers doubted the story and used the
incident to push for better chemical and biological
preparedness in the army. In 1992, Russian Presi-
dent Boris Yeltsin confirmed that the epidemic had
been caused by military researchers working with
the agent. Izvestiya, the Russian newspaper, later re-
ported that it took 5 years to clean up the plant af-
ter the accident. %%

THE 1980s: THE RETURN OF THE CHEMICAL CORPS

The Haig Report

Despite denials by the governments involved, the
United States went public with charges that chemi-
cal warfare had been used in Southeast Asia and
Afghanistan in 1980. Problems with the collection
of samples and the remoteness of the sites, how-
ever, prevented definitive evidence from being ob-
tained. Furthermore, the later identification, discus-
sion, and media debate over the origin of possible
trichothecene mycotoxins in Southeast Asia also
took away a significant portion of the public inter-
est in the alleged use of conventional chemical
munitions.

In 1982, Secretary of State Alexander M. Haig,
Jr., presented a report titled Chemical Warfare in
Southeast Asia and Afghanistan to the U.S. Congress.
After describing the evidence, he concluded:

Taken together, this evidence has led the U.S. Gov-
ernment to conclude that Laos and Vietnamese
forces, operating under Soviet supervision, have,
since 1975, employed lethal chemical and toxin
weapons in Laos; that Vietnamese forces have, since
1978, used lethal chemical and toxin agents in
Kampuchea; and that Soviet forces have used a va-
riety of lethal chemical warfare agents, including
nerve gases, in Afghanistan since the Soviet inva-
sion of that country in 1979.1%°¢9

Based on this evidence, senior defense department
personnel concluded that the Soviet Union “pos-
sesses a decisive military advantage because of its
chemical capabilities.”*¢7®3

The Haig report, however, was not able to gal-
vanize world opinion. Much like the situation dur-
ing the Yemen Civil War, the United States was un-
able to prove beyond a shadow of the doubt that
chemical agents and toxins had been used in South-
east Asia and Afghanistan. Instead, the accusation
became a political debate between the United States
and the Soviet Union during President Ronald
Reagan’s administration.
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Chemical Warfare in the Afghanistan and Iran-
Irag Wars

Afghanistan War

The U.S. Army monitored the war in Afghani-
stan throughout the 1980s. Often thinking of it as
the Soviet’s “Vietnam,” the lessons learned from
this war about chemical warfare provided exten-
sive support to the U.S. chemical defense program.

The Soviets tended to use chemical weapons
much like the Italians did in Ethiopia and like the
U.S. Army had used nonlethal agents in Vietnam.
One military writer summed up the general lesson
learned:

The use of chemical weapons by Soviet forces in
Afghanistan is also significant. The use of these
weapons in Afghanistan confirms, not surprisingly,
that the Soviets find them put to their best use
against unprotected subjects incapable of retalia-
tion. Afghanistan is proof positive that the Soviets
do not consider these devices as special weapons.
Considerations of utility and not morality will gov-
ern Soviet use of them in a future conflict, 132"

Despite the use of chemical weapons, the Sovi-
ets were unable to “win” the war and, in December
1988, met with rebel forces to discuss a withdrawal
of Soviet troops from Afghanistan. In January 1989
the Soviets announced the final withdrawal, which
was completed a month later.™

Iran-lraqg War

Although the Soviet Union continued to be the
number one potential chemical warfare opponent
and, therefore, the United States concentrated on
proposed chemical treaties with that country, the
beginning of a war in the Middle East gradually
began to erode that status. On 22 September 1980,
the armed forces of Iraq launched an invasion
against its neighbor Iran. The Iraqgi army, trained
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and influenced by Soviet advisers, had organic
chemical warfare units and possessed a wide vari-
ety of delivery systems. When neither side achieved
dominance, the war quickly became a stalemate.

To stop the human wave-attack tactics of the Ira-
nians, the Iragis employed their home-produced
chemical agents as a defensive measure against the
much-less-prepared Iranian infantry. The first re-
ported use of chemical weapons occurred in No-
vember 1980. Throughout the next several years,
additional reports circulated of new chemical at-
tacks. The result was that by November 1983, Iran
complained to the United Nations that Iraq was
using chemical weapons against its troops.!*-%

After Iran repeated the claims and even sent
chemical casualties to several western nations for
treatment, the United Nations dispatched a team
of specialists to the area in 1984, and again in 1986
and 1987, to verify the claims. The conclusion from
all three trips was the same: Irag was using chemi-
cal weapons against Iranian troops. In addition, the
second mission also stressed that the use of chemi-
cal weapons by Iraq appeared to be increasing de-
spite the publicity of their use. The reports indicated
that mustard agent and the nerve agent tabun were
the primary agents used, and that they were gener-
ally delivered in airplane bombs. The third mission
also reported the use of artillery shells and chemi-
cal rockets and the use of chemical weapons against
civilian personnel. The third mission was the only
one allowed to visit Irag.'*2"

In the letter of transmittal to the United Nations
after the conclusion of the third mission, the inves-
tigators pointed out the dangers of this chemical
warfare:

It is vital to realize that the continued use of chemi-
cal weapons in the present conflict increases the
risk of their use in future conflicts. In view of this,
and as individuals who witnessed first hand the
terrible effects of chemical weapons, we again make
a special plea to you to try to do everything in your
power to stop the use of such weapons in the Iran-
Iraq conflict and thus ensure that they are not used
in future conflicts.

In our view, only concerted efforts at the political
level can be effective in ensuring that all the signa-
tories of the Geneva Protocol of 1925 abide by their
obligations. Otherwise, if the Protocol is irrepara-
bly weakened after 60 years of general international
respect, this may lead, in the future, to the world
facing the specter of the threat of biological weap-
Ons.199

This last comment was mirrored by another
analyst:

In a sense, a taboo has been broken, thus making it
easier for future combatants to find justification for
chemical warfare, this aspect of the lran-lraq war
should cause Western military planners the grav-
est concern,202pp51-52)

The Iran-Iraq War failed to reach a military con-
clusion despite Iraq’s use of chemical weapons.
Roughly 5% of the Iranian casualties were caused
by chemical weapons. Although there were rumors
of Iranian use of chemical weapons also, less atten-
tion was devoted to verifying those reports. In Au-
gust 1988, Iraq finally accepted a United Nations
cease-fire plan, and the war ended politically with
little gained from the original objectives.’*

Additional Reports of Chemical Warfare

The end of the Iran-Irag War, however, did not
end chemical warfare reports from circulating.
Within a month of the end of the war, Iraq was again
accused of using chemical weapons against the
Kurds, a minority group in Iraq seeking autonomy.
Shortly before, there were rumors that Libya had
used chemical weapons obtained from Iran during
an invasion of Chad. The United States rushed 2,000
gas masks to Chad in response. There were also re-
ports of the Cuban-backed government of Angola
using nerve agents against rebel forces.?%*2%

New Defensive Equipment

In response to the continued use of chemical
agents in the Middle East and elsewhere, the army
instituted a three-pronged chemical program for the
1980s, intended both to drive the Soviets to the bar-
gaining table and to restore the United States chemi-
cal defense and retaliatory capability. First, the army
improved its defensive equipment. Second, the
army began production of chemical weapons for the
first time since the 1969 ban. And third, the army
improved its chemical warfare training and updated
its training manuals.

A number of physical protection, collective pro-
tection, detection, and decontamination develop-
ments reflected the improved defensive equipment.
Perhaps the most significant development was the
type classification in 1987 of a new protective mask
for the infantry to replace the M17 series masks. The
new mask, designated the M40, returned to a can-

69



Medical Aspects of Chemical and Biological Warfare

ister design that provided increased protection
against everything from chemical agents to toxins,
smokes, and radioactive fallout particles. The can-
ister used North Atlantic Treaty Organization
(NATO) standard threads and could be worn on
either side of the mask. The mask also had improved
fit and comfort, voice communications, and drink-
ing capability. It came in three sizes—small, me-
dium, and large—which helped eliminate the logis-
tical burden of four sizes for the M17A2 and six dif-
ferent stock numbers for the M9AL. In conjunction
with M40, the army also standardized the M42
Combat Vehicle Mask to replace earlier tank masks
from the 1960s.207-2%

For collective protection, the army standardized
the M20 Simplified Collective Protection Equipment
in 1986. This system turned one room of a building
into a protected area by (1) lining the walls with a
chemical/biological vapor-resistant polyethylene
liner and (2) providing 200 cu ft of filtered air per
minute. In addition, the army concentrated on
modular collective protection equipment for chemi-
cal threats to vehicles, vans, and shelters. The De-
partment of the Army identified 43 systems in 1980
that required chemical protection. New systems that
were developed each year created a major, long-
term project to correct the deficiency that had been
discovered after the 1973 Yom Kippur War.2"21

For detection, the army developed two new de-
tectors, one using low technology and one high
technology. M9 Detector Paper was an adhesive-
backed paper containing B-1 dye, which turned red
when contaminated with any known liquid agent.
Type classified in 1980, the paper was attached to a
soldier’s arms or legs, or to the outside of his vehicle,
and provided an indication of a chemical attack.?

The M1 Chemical Agent Monitor (CAM), stan-
dardized in 1988, was used to detect chemical agent
contamination on personnel and equipment. It de-
tected vapors by sensing ions of specific mobilities
and used timing and microprocessor techniques to
reject interferences. Its developmental history was
particularly interesting, in that it was based on a
United Kingdom (U.K.) design originally standard-
ized by the U.K. in 1984321

There were several developments in the area of
decontamination. The M13 Portable Decontaminat-
ing Apparatus, designed to decontaminate large
military vehicles, was standardized in 1983; and the
M280 Individual Equipment Decontamination Kit,
designed to partially decontaminate a soldier’s per-
sonal equipment, including gloves, hood, mask, and
weapon, was standardized in 1985. Both items re-
placed older equipment.?
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Not all research and development utilizing cur-
rent technology or foreign intelligence resulted in
the standardization of a new item. One example was
the truck-mounted, jet-exhaust decontaminating
apparatus, designated the XM16. Based on intelli-
gence collected on the Soviet TMS-65 decontami-
nation system, the army started work on a similar
project. The U.S. project consisted of a J60-P-6 jet
engine with a control cab mounted on a 5-ton mili-
tary truck. The idea was to direct high-velocity
streams of hot exhaust gases onto the outer surfaces
of vehicles for decontamination. In addition, the jet
engine could be used as a smoke generator by add-
ing smoke liquids to the exhaust. Because of sev-
eral deficiencies in the system, the project was can-
celed in 1986, but the principle was continued in
related developmental projects.??

Production of Binary Weapons

The subject of chemical weapon production was
a very sensitive one. In 1984, congress created the
Chemical Warfare Review Commission to look at
several issues related to the military’s chemical
warfare preparedness. This committee visited nu-
merous sites, interviewed experts, reviewed policy,
and examined intelligence reports. Among their
findings, the commission concluded

that in spite of the approximately $4 billion that
the Congress has appropriated since 1978 for de-
fense against chemical warfare, that defense, mea-
sured either for purposes of deterrence or for war-
fighting utility, is not adequate today and is not
likely to become so. Chemical combat as it would
exist in the late twentieth century is an arena in
which—because defense must be nearly perfect to
be effective at all, detection is so difficult, and sur-
prise offers such temptation—the offense enjoys a
decisive advantage if it need not anticipate chemi-
cal counterattack. Defense continues to be impor-
tant to pursue, because it can save some lives and
preserve some military capabilities. But for this
country to put its faith in defense against chemical
weapons as an adequate response to the Soviet
chemical threat would be a dangerous illusion.?3®%

The answer to the problem was simply stated by
President Reagan:

The United States must maintain a limited retalia-
tory capability until we achieve an effective ban.
We must be able to deter a chemical attack against
us or our allies. And without a modern and cred-
ible deterrent, the prospects for achieving a com-
prehensive ban would be nil . 24F%)
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In 1981, the secretary of defense issued a memo-
randum to proceed to acquire binary chemical
bombs. The appropriation restrictions of 1976, how-
ever, blocked procurement of binary munitions for
several more years. The next step came in 1985 when
the U.S. Congress passed Public Law 99-145 autho-
rizing production of chemical weapons. The final
step came in 1987, when President Reagan certified
to congress that all their conditions had been met
to start production of binary chemical weapons.®

The production of the M687 binary projectile be-
gan on 16 December 1987 at Pine Bluff Arsenal. This
was no small feat considering modern environmen-
tal and general public concerns. To resolve politi-
cal concerns, the M20 canisters were filled and
stored at Pine Bluff Arsenal, while the M21 canis-
ters were produced and filled at Louisiana Army
Ammunition Plant. The filled M21 canisters and
shell bodies were then stored at Tooele Army De-
pot, Utah. In time of need, the parts could be com-
bined and would provide the army with a chemi-
cal retaliatory capability.?®

In addition to the M687 round, development
work continued on the BLU-80/B (BIGEYE) bomb
and the XM135 Multiple Launch Rocket System
(MLRS) Binary Chemical Warhead. Both utilized the
binary concept. The BIGEYE was in the 500-Ib bomb
class and was compatible with fixed-wing aircraft
belonging to the air force, navy, and marine corps.
The bomb dispersed the persistent nerve agent VX
after mixing two nonlethal chemical agents (desig-
nated NE and QL). The XM135 binary chemical
warhead was designed as a free-flight, semiper-
sistent, nerve agent—dispersing system. The XM135
was fired from the MLRS, a 12-round rocket
launcher mounted on a tracked vehicle.?5?'

Chemical Training

In addition to establishing a retaliatory capability,
the army significantly improved its chemical train-
ing capability by (a) constructing a new facility at
the Chemical School and (b) conducting
more-realistic field training. In 1987, the Chemical
Decontamination Training Facility (CDTF) started
live—-chemical agent training in a controlled envi-
ronment. Major General Gerald G. Watson, the
school’s commandant, was “the first American to
wear the battledress overgarment in a toxic chemi-
cal environment”?Y®® when he entered the CDTF
on 19 February 1987.

For realistic field training, the army conducted
such training as Operation Solid Shield 87 to test
how the U.S. troops perform on a chemically con-

taminated battlefield. Over 40,000 personnel from
the U.S. Army, Navy, Marine Corps, Air Force, and
Coast Guard participated in the simulated chemi-
cal attacks. Many conclusions were drawn from the
training. Of particular concern was the impact on
the medical personnel trying to help both conven-
tional and chemical casualties:

Use of chemical weapons in an otherwise conven-
tional warfare scenario will result in significant
impact on the medical capability to treat and handle
casualties. Many medical facilities might be located
near chemical target areas and may be subject to
contamination.

These facilities include battalion aid stations, hos-
pital and medical companies, casualty receiving
and treatment ships, fleet hospitals, and hospital
ships. Provision of medical care in a contaminated
environment is extremely difficult due to the en-
capsulation of medical personnel in their indi-
vidual protective ensembles.

Medical care is best provided in an environment
free of toxic agents. This environment might be
provided by a collectively protected facility, or be
in an uncontaminated area. Medical units ashore
and afloat can expect to receive contaminated ca-
sualties and must be prepared to provide contami-
nated casualties with a comprehensive and thor-
ough decontamination. This procedure is similar
whether processing patients into a collectively pro-
tected facility or processing from a contaminated
area to an area free of contamination.?8®%

The conclusions of the training impacted all as-
pects of the military forces:

All organizations must be trained in NBC detec-
tion and identification procedures, particularly
units with an inherent reconnaissance mission. First
aid, and casualty handling, including mass casu-
alty handling, must also be an integrated part of
training. NBC contamination, medical, operational,
and logistical problems should be evaluated and
responded to realistically at all command and staff
levels.

Particular emphasis must be placed on the ability
of personnel to remove contaminated clothing and
equipment while minimizing the transfer of con-
tamination to unprotected skin or to nonprotective
underclothing.?:8eD

One officer summed up this new way of think-
ing about chemical training as demonstrated by
Solid Shield 87:

NBC warfare is not a separate, special form of war,
but is instead a battlefield condition just like rain,
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snow, darkness, electronic warfare, heat, and so on.
Units must train to accomplish their wartime mis-
sions under all battlefield conditions. Whenever
NBC is separated from other training events, we
condition our soldiers to regard operations under
NBC conditions as a separate form of warfare 28D

To reflect the changes in concept and equipment,
the army’s field manuals were also rewritten and
updated to incorporate chemical warfare readiness
into the army’s air-land battle doctrine. The five
parts of the new doctrine called for contamination
avoidance, individual and collection protection,
decontamination, chemical weapons employment,
and the deliberate use of smoke.

Soviet-United States Agreement

The increase in the United States’s retaliatory and
defensive capability for chemical and biological
warfare, along with internal changes in the Soviet
Union, helped convince the Soviets to look closely
at a new chemical weapons treaty. In 1987, after
admitting for the first time that they possess chemi-
cal agents, they announced the halting of chemical
weapons production. In September 1989, the Memo-
randum of Understanding (MOU) Between the Govern-

ment of the United States and the Government of the
USSR Regarding a Bilateral Verification Experiment and
Data Exchange Related to Prohibition of Chemical Weap-
ons, otherwise known as the Wyoming MOU,
started the talks between the two countries.®

U.S. Demilitarization Program

While the army was producing the new binary
agent weapons, it was also discovering that the
destruction of the existing chemical weapons stock-
pile was proving a far greater challenge than origi-
nally expected. In 1982, the army announced that
incineration was the best option for disposing of
the chemical agents. The construction of the first
such disposal system was started on Johnston Atoll
in 1985. The following year, congress passed Public
Law 99-145, which mandated the destruction of the
U.S. stockpile of chemical weapons by 1994. This
also required that the army plan for maximum pro-
tection for the environment and human health dur-
ing the destruction. In 1988, congress extended the
destruction date to 1997; later, this date was fur-
ther extended to 2004. In 1989, construction on a
second disposal system was started at Tooele,
Utah.3?®

THE 1990s: THE THREAT MATERIALIZES

The success of the “carrot and stick” strategy
with the Soviet Union led to another change in
course for the chemical program. On 1 June 1990,
with the fall of many of the communist governments
in Eastern Europe and improved relations with the
Soviet Union, the United States and the Soviet
Union signed a bilateral chemical weapons destruc-
tion agreement. In support of this agreement, the
secretary of defense canceled most of the new
chemical retaliatory program, and the army decided
to mothball its new binary chemical production fa-
cilities in 1990.%%

Shortly after the signing of the bilateral chemi-
cal weapons destruction agreement, the army be-
gan Operation Steel Box to remove all U.S. chemi-
cal weapons from Germany. The project started in
July and finished in November 1990, with all the
munitions safely moved to Johnston Atoll. The same
year, the Johnston Atoll Chemical Agent Destruc-
tion System (JACADS) incinerator on the island
became operational. The Tooele demilitarization
plant was not operational until 1996.

In 1992, however, Public Law 102-484 instructed
the army to restudy incineration as the best pro-
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cess for demilitarization due to continuing opposi-
tion by the general public. The army then began
researching both neutralization and neutralization
followed by biodegradation as alternate disposal
options.®?Y

Persian Gulf War

Despite the ongoing political efforts to abolish
chemical warfare, world events dictated that chemi-
cal and biological weapons would again be the sub-
ject of daily news reports. On 2 August 1990,
Saddam Hussein sent lragi troops into Kuwait—
allegedly in support of Kuwaiti revolutionaries who
had overthrown the emirate. By 8 August, however,
the pretense was dropped and Irag announced that
Kuwait had simply been annexed and was now a
part of their country. In response, President George
Bush ordered U.S. forces sent to Saudi Arabia at the
request of the Saudi government as part of what
became Operation Desert Shield, the buildup phase
of the Persian Gulf War.

The United States’s response to Irag’s invasion
put the army’s chemical and biological warfare ex-
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perience, training, production program, and lessons
learned in the limelight. Not since World War | had
U.S. troops been sent to face an enemy that had not
only used chemical weapons extensively within the
last few years, but also had publicly announced
their intentions to use chemical weapons against the
United States. William H. Webster, Director of Cen-
tral Intelligence, estimated that Iraq had 1,000 tons
of chemical weapons loaded in bombs, artillery
rounds, rockets, and missiles. Much of Iraq’s bio-
logical weapon program remained unknown until
after the war.?-2

Iraq had a large biological agent production fa-
cility at al-Hakam that produced the agents that
cause botulism, anthrax, and others. Started in 1988,
the plant had produced about 125,000 gal of agent
by 1991. After stating for years that the plant was
used to produce animal feed, the Iragis admitted in
1995 that the plant was a biological warfare produc-
tion facility. In addition to producing biological war-
fare agents, they also conducted live-agent tests on
animals. The Iraqis also later admitted they had pre-
pared about 200 biological missiles and bombs.?**2%

The United States’s preparation for the military
phase of the Persian Gulf War had to consider all
these chemical and biological threats. Vaccines for
anthrax and botulinum toxin were given to U.S.
troops moving into the area.?® For nerve agent poi-
soning, troops had the MARK | nerve agent anti-
dote kit, consisting of an atropine autoinjector and
a pralidoxime chloride (2-PAM CI) autoinjector. The
atropine blocked the effects of nerve agent poison-
ing on the muscles, while the 2-PAM ClI reactivated
the acetylcholinesterase. Pyridostigmine bromide
tablets also were provided as a nerve agent pretreat-
ment.?® All military units were fully equipped with
the latest chemical and biological defensive equip-
ment, and training was continuous.

The actual attack on Iraq on 16 January 1991 as
part of the United Nations’s mandated effort to free
Kuwait, designated Operation Desert Storm by
the United States, escalated fears of a new chemi-
cal war to levels not seen since World War I. The
initial air attack concentrated on Iraqgi chemical-pro-
duction facilities, bunkers, and lines of supply.
While the air attacks were ongoing, daily news ac-
counts addressed the potential for chemical and
biological warfare. On 28 January, Saddam Hussein
told Peter Arnett of CNN News that his Scud mis-
siles, which were already hitting Israel and Saudi
Arabia, could be armed with chemical, biological,
or nuclear munitions.?®® Vice President Dan Quayle,
while visiting the United Kingdom, was reported

to have told the prime minister that the United
States had not ruled out the use of chemical or
nuclear weapons.? Likewise, the United States was
reported to have threatened to target Hussein per-
sonally if he used chemical weapons against Allied
troops.?*# |raqg, in turn, reportedly threatened to
use chemical weapons against Allied troops if they
continued the high-level bombings against Iraqi
troops.?°

Thus the stage was set for what many thought
was going to be the second major chemical war in
this century. When the Allies began the ground war
on 23 February 1991, the worst was expected and
planned for by chemical and biological defense spe-
cialists. Chemical alarms frequently went off across
the battlefield, but all were dismissed as false
alarms. On 27 February, Allied troops liberated
Kuwait City and finished destroying the Iraqi divi-
sions originally in Kuwait. No known chemical and
biological attacks were made by the Iraqis.

A number of reasons surfaced after war as to why
the Iragis had not initiated large-scale chemical
and biological warfare. Vice Admiral Stanley
Arthur, commander of U.S. naval forces, thought
that because the wind suddenly changed from
blowing south at the start of the land battle, the
Iraqis had probably realized that chemical weap-
ons could harm their own troops. Some thought
the speed of the campaign was the critical reason.
Others reported that the combination of Allied
bombing and resulting Iraqi logistical night-
mares prevented the chemical weapons from ever
reaching the front lines. General H. Norman
Schwarzkopf, commander of Allied forces,
mentioned that Iraqg might have feared nuclear re-
taliation,?%%230.232

After the war, however, allegations of chemical
and biological exposures began to surface. Initially,
the department of defense denied that any chemi-
cal and biological exposures had taken place. Vet-
erans of the war claimed the opposite, and their
ailments collectively became known as Gulf War
Syndrome. By 1996, newspapers reported that al-
most 60,000 veterans of the Persian Gulf War
claimed some sort of medical problems directly re-
lated to their war activities. Extensive research by
the department of defense failed to find any single
cause for the problems, 2%

One controversial example of possible exposure
occurred on 4 March 1991 at the Kamisiyah arse-
nal, northwest of Basra, involving the U.S. Army
37th Engineer Battalion. After capturing the site, the
engineers blew up the Iraqi storage bunkers. Ac-
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cording to newspaper accounts, the engineers
claimed that their chemical agent detectors went off
during the explosions. Later the same year, a United
Nations inspection team reportedly found the re-
mains of chemical rockets and shells in one of the
bunkers and found traces of sarin and mustard
agent. In 1996, the department of defense acknowl-
edged that one of the bunkers probably contained
sarin- and mustard agent—filled munitions, and that
as many as 20,000 U.S. soldiers may have been ex-
posed to chemical agents as a result.”®® A Pentagon
spokesman summed up the continuing research into
the possible exposure: “Our understanding of this
episode is still partial.”24PA10

Additional Allegations of Chemical Warfare

Shortly after the fighting was over between Iraq
and Allied forces, reports circulated that Hussein
was using chemical agents against rebellious Kurds
and Shiite Moslems. The United States intercepted
a message ordering the use of chemical weapons
against the cities of Najaf and Karbala. President
Bush’s response was that such use of chemical
weapons would result in Allied air strikes against
the Iragi military organization using the chemicals.
Thus, despite the end of fighting, Iraqi chemical
weapons continued to be a problem for the
World.236’237

Likewise, U.S. intelligence sources detected in-
creased chemical-development activity in Libya.
Libya constructed a chemical weapons plant at
Rabta that produced about 100 tons of chemical
agents. In 1990, Libya claimed that the plant was
destroyed by a fire. New disclosures surfaced in
1996 that Libya was constructing a second chemi-
cal production plant at Tarhunah. U.S. intelligence
sources claimed that this would be the largest un-
derground chemical weapons plant in the world,
covering roughly 6 square miles and situated in a
hollowed-out mountain. With Scud missiles having
a range of 180 to 300 miles, this created a signifi-
cant threat to Libya’s neighbors. Libya strongly
denied the accusation.?8?*

New Defensive Equipment

During the 1990s, the army standardized several
new protective masks. In 1990, the M43 CB AH-64
Aircraft Mask was standardized for use in Apache
helicopters. The unique aspect of the mask was its
compatibility with AH-64 display sighting system.
Within 6 years, the army improved the mask and
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standardized the new version as the M48 CB
Aviator’s Mask.?

Although the new M40 series was an improve-
ment over the M17 series mask, complaints from
soldiers about the M40 masks resulted in the stan-
dardization of the M40A1l Field Mask and the
M42A1 Combat Vehicle Mask in 1993. The M40A1
Mask added the Quick Doff Hood/Second Skin
(QDH/SS), which allowed the hood to be doffed
without removing the mask. This feature resulted
in faster, more efficient decontamination opera-
tions. The M42A1 Mask added the QDH/SS and
a canister-interoperability system that allowed
the use of NATO canisters in the system. The
new masks also included an improved nosecup
that provided more comfort than the previous
one. These changes increased the likelihood that sol-
diers would survive on a chemical and biological
battlefield.32%

The detection of chemical and biological agents
was made much easier in the 1990s. In 1990, the
army issued the first XM93 series NBC Reconnais-
sance Systems (the FOX), a dedicated system of
NBC detection, warning, and sampling equipment
integrated into a high-speed, high-mobility, ar-
mored carrier. A later version, the M93A1, was stan-
dardized in 1996. The FOX was capable of perform-
ing NBC reconnaissance on primary, secondary, or
cross-country routes throughout the battlefield and
had the capability to find and mark chemical and
biological contamination. While conducting the re-
connaissance, the crew was protected by an onboard
overpressure system,3240.241

The remote sensing research that started in the
1950s finally resulted in a detector in 1995, when
the M21 Remote Sensing Chemical Agent Alarm
was standardized. The M21 was an automatic scan-
ning, passive infrared sensor that detected vapor
clouds of nerve and blister agents, based on changes
in the background’s infrared spectra caused by the
presence of agent vapor. The detector could “see”
agent clouds to 5 km.??

After the Persian Gulf War, General Colin Powell
testified to congress that the United States was vul-
nerable to biological warfare. One reason was that
the United States had been unable to standardize a
good biological agent detector. In 1995, the army
standardized the first biological alarm. The M31
Biological Integrated Detection System (BIDS) was
a small truck packed with sampling and detection
equipment. Each vehicle could provide 24-hour
monitoring, with identification of the agent follow-
ing an alarm in about 30 minutes.***
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The Chemical Weapons Convention

In 1993, the long-sought Chemical Weapons Con-
vention was signed by the United States, Russia,
and other countries. This treaty prohibited devel-
opment, production, stockpiling, and use of chemi-
cal weapons. Ratification by the U.S. Senate, how-
ever, was delayed for various reasons.® One reason
was that reports of a Russian chemical-development
program surfaced in U.S. newspapers. A Russian
scientist claimed that in 1991 Russia had developed
a new, highly toxic, binary nerve agent called
Novichok. According to the scientist, the nerve
agent was undetectable by U.S. chemical detectors
and may have been used in the Persian Gulf War
by Iraq to produce some of the Gulf War syndrome
symptoms. Despite these claims, the negotiations
continued and additional agreements were signed
with Russia. The United States even agreed to help
fund the Russian demilitarization program.4*

Terrorism and Counterterrorism

The use of chemical and biological weapons for
terrorism became a key concern of the U.S. Army
in the 1990s. In 1994, a Japanese religious cult, Aum
Shinrikyo, reportedly released nerve agent in a resi-
dential area of Matsumoto, Japan, that killed 7 and
injured 500. A second attack on 20 March 1995
spread sarin through a crowded Tokyo subway. This
act of terrorism killed 12 and caused more than 5,500
civilians to seek medical attention. After the attacks,
news accounts reported that the cult had developed
a helicopter to spray toxins, a drone for unmanned
chemical and biological attacks, and their own
strains of botulism. They had also allegedly at-
tempted to obtain the Ebola virus from Zaire.?*2%

Chemical and biological terrorism was not lim-
ited to foreign countries. The first conviction un-
der the Biological Weapons Anti-Terrorism Act of
1989 occurred in 1995, when a U.S. citizen was sen-
tenced to 33 months in prison for possession of 0.7
g of ricin. The same year, a nonprofit organization

shipped plague bacteria, Yersinia pestis, to an alleged
white supremacist.22°

Some of the items developed by the Chemical
Corps were also used as counterterrorism measures,
but sometimes with unintended consequences. For
example, in 1993 the Federal Bureau of Investiga-
tion decided to use a nonlethal riot control agent
while attacking the Branch Davidian compound in
Waco, Texas. Fires, however, destroyed the complex
and killed the 80 occupants.3?!

These examples, both good and bad, led many
state and local officials to notify congress that they
did not have the training or equipment to combat
an act of chemical or biological terrorism. Senator
Sam Nunn expressed similar concerns:

I, like many of my colleagues, believe there is a high
likelihood that a chemical or biological incident will
take place on American soil in the next several
years. 252(pA-10)

In reference to the Tokyo subway incident, he added:

The activities of the Aum should serve as a warn-
ing to us all. This is a lesson that we will ignore at
our peril »PA10)

A military expert described the dangers of co-
vert biological warfare:

A terrorist attack using an aerosolized biological
agent could occur without warning, and the first
sign of the attack might be hundreds or thousands
of ill or dying patients, since biological clouds are
not visible ZPA-10)

In 1996, the U.S. Congress responded by passing a
new antiterrorism training bill to prepare the United
States for future chemical and biological terrorism
incidents. In addition to using military experts to
equip and train local chemical and biological response
teams, the bill also provided funding for former Soviet
republics to destroy their own chemical and biological
weapons to keep them out of the hands of terrorists.?#3

SUMMARY

Many lessons can be learned from the past con-
cerning chemical and biological warfare and the
U.S. experience combating it. So far, the United
States has been extremely lucky and has not expe-
rienced a chemical and biological “Pearl Harbor”
like some other countries have. To prevent that, the
U.S. military forces will have to continue to learn

about chemical and biological warfare and how to
accomplish their mission—on both a chemical and
biological battlefield and at a chemical and biologi-
cal terrorist site anywhere in the world. In the words
of General Pershing, “we can never afford to ne-
glect the question”*® of chemical and biological
preparedness again.

75



Medical Aspects of Chemical and Biological Warfare

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

76

REFERENCES

Department of the Army. NATO Handbook on the Medical Aspects of NBC Defensive Operations. Washington, DC:
HQ, DA; AMedP-6, Part 3; 1996: 1-1. Field Manual 8-9.

Department of the Army. NATO Handbook on the Medical Aspects of NBC Defensive Operations. Washington, DC:
HQ, DA; AMedP-6(B), Part 2; 1996: 1-1. Field Manual 8-9.

Smart JK. History of Chemical and Biological Warfare Fact Sheets. Aberdeen Proving Ground, Md: US Army Chemical
and Biological Defense Command; 1996. Special Study 50. Not cleared for public release.

Browne CA. Early references pertaining to chemical warfare. Chemical Warfare. 1922;8(9):22-23.
Miles WD. Chemical warfare in the Civil War. Armed Forces Chemical Journal. 1958;12(2):27, 33.
Haydon F. A proposed gas shell in 1862. Military Affairs. 1938;2(2):54.

Miles WD. Suffocating smoke at Petersburg. Armed Forces Chemical Journal. 1959;13(4):34-35.
Pringle L. Chemical and Biological Warfare. Hillside, NJ: Enslow Publishers; 1993: 17.

Haber LF. The Poisonous Cloud: Chemical Warfare in the First World War. Oxford, England: Clarendon Press; 1986:
15-40.

MacCurdy E, ed. The Notebooks of Leonardo da Vinci. Vol 2. London, England: Jonathan Cape; 1977: 206.
US Patent 6529, 12 Jun 1849.

US Patent 7476, 2 Jul 1850.

Miles WD. The velvet-lined gas mask of John Stenhouse. Armed Forces Chemical Journal. 1958;12(3):24-25.

Prentiss AM. Chemicals in War: A Treatise on Chemical Warfare. New York, NY: McGraw-Hill; 1937: 343-477, 533—
566, 574, 685-689.

US Senate Committee on Foreign Relations, Subcommittee on Disarmament. Chemical Biological Radiological
(CBR) Warfare and Its Disarmament Aspects. Washington, DC: Government Printing Office; 29 Aug 1960: 6, 19.

Hogg I. Bolimow and the first gas attack. In: Fitzsimons B, ed. Tanks and Weapons of World War I. New York, NY:
Beckman House; 1973: 17-19.

Fries AA, West CJ. Chemical Warfare. New York, NY: McGraw-Hill; 1921: 10-11, 14, 31-71, 151.

Hanslian R. The gas attack at Ypres: A study in military history, . Chemical Warfare Bulletin. 1936;22(1):5.

An account of German cloud gas attacks on British front in France. Unsigned manuscript. Attachment to a
letter dated 11 Feb 1922 from Major ON Solbert, Military Attaché, American Embassy, London, England, to
Chief, Chemical Warfare Service, Edgewood, Md; Subject: History of gas and development of British respira-
tors from beginning of war to armistice. Original held at US Army Chemical and Biological Defense Command
Historical Office in file named Gas Warfare History (British) 1915.

Fries AA. Gas in attack. Chemical Warfare. 1919;2(2):3, 8.

Stockholm International Peace Research Institute. The Rise of CB Weapons. Vol 1. In: The Problem of Chemical and
Biological Warfare. New York, NY: Humanities Press; 1971: 111-124, 141-142, 147, 214-230.

Witcover J. Sabotage at Black Tom. Chapel Hill, NC: Algonquin Books of Chapel Hill; 1989: 83-101, 134-151.



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

History of Chemical and Biological Warfare: An American Perspective

Bancroft WD. Bancroft’s History of the Chemical Warfare Service in the United States. Washington, DC: Research
Division, Chemical Warfare Service, American University Experiment Station; May 1919: 12, 16.

Barker ME. Gas mask development. Chemical Warfare. 1926;12(7):14-15.

Brophy LP, Fisher GJB. The Chemical Warfare Service: Organizing for War. Washington, DC: Office of the Chief of
Military History; 1959: 3-18, 25-27, 424-471.

Brophy LP, Miles WD, Cochrane RC. The Chemical Warfare Service: From Laboratory to Field. Washington, DC:
Office of the Chief of Military History; 1959: 2-27, 49-76, 85-86, 101-138, 268, 336, 436-453.

Spencer EW. An historical lesson. Chemical Warfare. 1923;9(3):2-10.
Discipline through training or annihilation. Chemical Warfare. 1920;5(11):2. Editorial.

Hunt R. Ricin. Washington, DC: American University Experiment Station; 1918: 107-117. Chemical Warfare
Monograph 37.

Smart JK. Preparing for Chemical Warfare: The History of the Infantry Protective Mask. Edgewood Arsenal, Md: US
Army Chemical and Biological Defense Command; 1991. Not cleared for public release.

Gilman ED. The evolution of the gas mask. Chemical Warfare. 1922;8(8):5-9.
Evolution of the gas mask. Chemical Warfare. 1920;3(1):3-11.

Army War College. Methods of Defense Against Gas Attacks. Vol 2. In: Gas Warfare. Washington, DC: War Depart-
ment; 1918: 32-35.

Mankowich J, Butcosk AF, Robbins R, Roberts WB, West AL, Love S. Decontamination of Chemical Agents. Aber-
deen Proving Ground, Md: Technical Support Directorate; 1970: 20, 88-91. Edgewood Arsenal Special Publica-
tion 300-5.

Falkof MM, Gehauf B. Detectors and Alarms. Vol 11. In: History of Research and Development of the Chemical War-
fare Service in World War Il. Army Chemical Center, Md: Chemical and Radiological Laboratories; Oct 1951:
1-3,102.

Nothing equal to the trained nose. The Catalyst. 1996;2(2):11.

Army War College. Memorandum on Gas Poisoning in Warfare with Notes on its Pathology and Treatment. Washing-
ton, DC: Government Printing Office; 1917: 18-21, 32.

US Army. Memorandum on Gas Poisoning in Warfare with Notes on its Pathology and Treatment. Washington, DC:
Government Printing Office; 1918: 22, 26-34. Army Expeditionary Force Publication 48.

157th Field Artillery, 82nd Division History Box 23 (282-32.15 157 FA Brig Memos). National Archives Build-
ing, Washington, DC.

Clark DK. Effectiveness of Chemical Weapons in WWI. Bethesda, Md: Johns Hopkins University Operations Re-
search Office. 1959: 99-123. ORO-SP-88 Staff Paper.

Fries AA. Chemical warfare inspires peace. Chemical Warfare. 1921;6(5):4.
Poison gas is indispensable, says German inventor. Chemical Warfare. 1921;17(7):10.
Pershing JJ. Final Report of General John J. Pershing. Washington, DC: US Government Printing Office; 1920: 77.

Knappen TM. Chemical warfare and disarmament. Chemical Warfare. 1921;7(11):3.

77



Medical Aspects of Chemical and Biological Warfare

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

78

Brown FJ. Chemical Warfare, A Study in Restraints. Princeton, NJ: Princeton University Press; 1968: 74-75, 98—
110, 118, 145, 193-194, 267-269, 279-281.

Clark EB. As chemical warfare chieftain. Chemical Warfare Bulletin. 1941;27(3):87. Editorial.

Fries AA. Sixteen reasons why the Chemical Warfare Service must be a separate department of the Army.
Chemical Warfare. 1920;2(7):4.

Clapp D. Gas. Chemical Warfare. 1919;2(1):cover iv. Poem.
Barker ME. The work of the Chemical Warfare Service. Chemical Warfare. 1933;19(4):1330-1339.

Brophy LP. Chemical corps troops and training in the years between the two wars. Chemical Corps Journal.
1948;2(3):25-28.

War Department. General Orders No. 26. Washington, DC: War Department; 17 Jun 1922.
Status of chemical warfare preparedness in the US. Chemical Warfare. 1924;10(8):13.
Edgewood seeking boll weevil poison. Chemical Warfare. 1924;10(9):14.

Fries AA. Summary of marine piling investigation. Chemical Warfare. 1925;11(6):11.

Boll weevil investigations. CWS News Letter. 1928;1:3.

Fries AA. Chemical warfare—Past and future. Chemical Warfare. 1920;5(1):4-5.

Chemical warfare bombing tests on warship. Chemical Warfare. 1921;6(10):6.

Fries AA. Annual Report of Chief, Chemical Warfare Service. Washington, DC: CWS; 1921: 22-24.
Hanslian R. The gas attack at Ypres: A study in military history, 1l. Chemical Warfare Bulletin. 1936;22(3):129.
Fries AA. Annual Report of the Chief of Chemical Warfare Service. Washington, DC: CWS; 1926: 8.
Fair SD. Mussolini’s chemical war. Army. 1985;35(1):47.

Foreign developments in chemical warfare. Chemical Warfare. 1923;9(9):19.

Smalley VE. Report of the CW Status of Italy (1926-1948). Army Chemical Center, Md: Chemical Corps Technical
Command; 1948: 14, 52-53.

Williams P, Wallace D. Unit 731. New York, NY: The Free Press; 1989: 13-30.
Robertson AG, Robertson LJ. From asps to allegations: Biological warfare in history. Milit Med. 1995;160(8):369-372.

Thomas AVW, Thomas Al Jr. Basic Report. Vol 2. In: Development of International Legal Limitations on the Use of
Chemical and Biological Weapons. Dallas, Tex: Southern Methodist University School of Law and US Arms Con-
trol and Disarmament Agency; 1968: 53-54, 73-102.

The present international situation as regards chemical warfare and the impossibility of securing the assured
abolition of the use of gas in future wars. Chemical Warfare. 1925;11(3):7.

Gas warfare not forbidden by any international agreement. Chemical Warfare. 1925;11(3):6.

The international legal status of chemical warfare. Chemical Warfare. 1926;12(10):9-14.



70.

71.

72.

73.

74.

75.

76.

T7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

History of Chemical and Biological Warfare: An American Perspective

Waitt AH. Europe looks at chemical warfare. Army Ordnance. 1935;15(89):285.

Brigham CE. Final Report on Status of Chemical Readiness by the Retiring Chief. Record Group 114; 1937. National
Archives, Suitland, Md.

Wiseman DJC. Special Weapons and Types of Warfare. London, England: The War Office; 1951: 150.

Intelligence Division, Chemical Warfare Service. German Chemical Warfare, World War Il. Washington, DC:
CWS; 1945: 28-30, 115-117.

Department of the Army. Chemical Corps Equipment Data Sheets. Washington, DC: HQ, DA; 1961: 3, 60, 103.
Training Manual 3-500.

Fox LA. Bacterial warfare: The use of biologic agents in warfare. Military Surgeon. 1933;72(3):189-207.

Scientific 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.

West AL, Goldfield J, Mitchell J. Antigas Collective Protection Equipment. Edgewood Arsenal, Md: 1969: 20,
24. Edgewood Arsenal Special Publication 300-4.

Duffield M. Ethiopia: The unconquered lion of Africa. Command Magazine. 1990;4:10-22.
Neil EJ. Use of Gas in Ethiopia. Washington, DC: War Department; 2 Sep 1936. War Department Memorandum.

Thuillier HF. The use of mustard gas by the Italians in the Abyssinian War. Porton, United Kingdom; 25 Apr
1941. Memorandum CDR5/1793.

Volkart W. The Gas Weapon in the Italian—-Abyssinian War 1935-1936. Translated from Allgemeine Schweizerische
Militar Zeitschrift. Typescript prepared for Army Chemical Center, Md; 1951.

Murphy P. Gas in the Italo-Abyssinian campaign. Chemical Warfare Bulletin. 1937;23(1):1-8.
Time. Quoted in: Brett HH. Chemicals and aircraft. Chemical Warfare Bulletin. 1936;22(4):151-152.
Kohn GC. Dictionary of Wars. New York, NY: Facts on File Publications; 1986: 226, 433-434, 524.
Chemicals in Ethiopia. Chemical Warfare Bulletin. 1936;22(3):143.

Use of gas in Italo-Abyssinian campaign. Chemical Warfare Bulletin. 1937;23(2):81.

Hart L. The Abyssinian War. Ordnance. 1937;17(102):330.

Clark DK. Effectiveness of Toxic Chemicals in the Italo—Ethiopian War. Bethesda, Md: Operations Research Office;
1959:; 1-21.

Baker WC. Annual Report of the Chief of the Chemical Warfare Service for the Fiscal Year Ending June 30, 1937.
Washington, DC: War Department; 1937.

Chemical Warfare School. Use of Gas in Ethiopia—1936. Edgewood Arsenal, Md: Chemical Warfare School; 22
Oct 36. Mimeo 1.

Brett GH. Chemicals and aircraft. Chemical Warfare Bulletin. 1936;22(4):153.

5250th Technical Intelligence Company. The Use of Poison Gas by Imperial Japanese Army in China, 1937-1945.
Tokyo, Japan: 5250th Technical Intelligence Company; 1946.

79



Medical Aspects of Chemical and Biological Warfare

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

80

Watson M. Army is speeding chemical defense. Baltimore Sun. 12 Nov 1941. Quoted in: CWS News Letter.
1941;5(6):37.

Nazis may use gas, General Porter warns. CWS News Letter. 1941;5(5):31.
General Porter urges America to “Get Tough.” CWS News Letter. 1941;5(6):36.
Chemical warfare goes on maneuvers. Chemical Warfare Bulletin. 1942;28(1):4-24.
Japs reported using gas. CWS News Letter. 1941;5(6):33-34.

Miller GA. The development of the 4.2 chemical mortar. Armed Forces Chemical Journal. 1948;3(2):33-42; contin-
ued in 1949;3(3):35-42.

US War Department. Characteristics and Employment of Ground Chemical Munitions. Washington, DC: War De-
partment; 1946: 108-119. Field Manual 3-5.

US War Department. Employment and Characteristics of Air Chemical Munitions. Washington, DC: War Depart-
ment; 1946: 4-5. Field Manual 3-6.

Infield G. Disaster at Bari. New York, NY: Bantam Books; 1988: 209, 230-231.

Cochrane RC. Research and Development. Vol 2. In: History of the Chemical Warfare Service in World War 1. Aber-
deen Proving Ground, Md: Chemical Corps Historical Office; 1947: 245-246, 248-249. Draft.

Office of the Chief, Chemical Warfare Service. Report of Activities of the Technical Division During World War II.
Washington, DC: CWS; 1946: 172-175.

Katz SH. Standard US Army Gas Masks and Components. Edgewood Arsenal, Md: Chemical Warfare Service
Technical Command; 1944. Technical Division Memorandum Report 878-2.

Office of the Chief, Chemical Warfare Service. New Gas Detector Kit. Washington, DC: CWS; 12 Sep 44. Information.

Cochrane RC. Biological Warfare Research in the United States. Office of Chief, Chemical Corps: Historical Sec-
tion, Plans, Training and Intelligence Division; 1947. Draft.

Ditto RC. Will Hitler’s goose be cooked with gas? Chemical Warfare Bulletin. 1943;29(3):6-7.

Chemical Warfare Service. US Chemical Warfare Policy. Washington, DC: Operations Division, Dar Department
General Staff, Strategy and Policy Group; 14 Jun 1945. Draft.

Wing HG. Gas Warfare Planning: History of the Chemical Warfare Service in World War 11. 1953: 43-58.
Finlay WW. Why prepare? Chemical Corps Journal. 1946;1(1):24.

Royall KC. A tribute to the corps. Chemical Corps Journal. 1947;2(1):41.

King L. Exit gas warfare? Chemical Corps Journal. 1948;2(3):3.

The Army Almanac. Washington, DC: Government Printing Office; 1950: 89.

Waitt AH. Chemical Warfare Organization and Policy in the Post-War Army. Washington, DC: Chemical Warfare
Service. 9 May 46. Memorandum.

Office of the Chief of Chemical Corps. The History of Captured Enemy Toxic Munitions in the American Zone,
European Theater, May 1945 to June 1947. Headquarters: Chemical Corps, European Command; 1947.

Department of the Army. Chemical Agents of the G-Series. Washington, DC: HQ, DA; 19 Mar 1948. Circular 74.



117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131

132.

133.

134.

135.

136.

137.

138.

139.

History of Chemical and Biological Warfare: An American Perspective

Department of the Army. Treatment of Poisoning Caused by Chemical Agents of the G-Series. 19 Mar 1948. Washing-
ton, DC: HQ, DA; Technical Bulletin Chemical Warfare 34.

Waitt AH. Chief, Chemical Corps, to Director of Plans and Operations, General Staff, US Army. Gas Warfare
Policy. Washington, DC: Chemical Corps. 2 May 1949. Memorandum.

Loucks CS. The “decons” and the air lift. Armed Forces Chemical Journal. 1949;3(6):16, 38.
McAuliffe AC. Korea and the Chemical Corps. Ordnance. 1951;35(184):284.

Department of the Army. Transfer of the Responsibilities for the 4.2-inch Chemical Mortar and Related Equipment to
the Ordnance Department. Washington, DC: HQ, DA; 9 Feb 1948. Memorandum.

Rodier HB. Editorial. Armed Forces Chemical Journal. 1951;4(3):3.

Baker ER. Chemical warfare in Korea. Armed Forces Chemical Journal. 1951;4(4):3. Letter.

Probe into biological experiments on Korean War POWSs reported. Washington Times. 15 Aug 1992.
Bullene EF. The needs of the army. Armed Forces Chemical Journal. 1952;6(1):8.

Abolish unit gas officer positions. Armed Forces Chemical Journal. 1954;8(5):4.

Hylton AR. The History of Chemical Warfare Plants and Facilities in the United States. US Arms Control and Disar-
mament Agency: Midwest Research Institute; 1972;4:59-75. ACDA/ST-197.

Fielding GH. V Agent Information Summary. Washington, DC: US Naval Research Lab; 1960: 1-2. NRL Report 5421.

US Army Chemical Corps. Summary of Major Events and Problems, FY58. Army Chemical Center, Md: US Army
Chemical Center Historical Center; Mar 1959: 97-101, 108-111, 153-158.

US Army Chemical Corps. Summary of Major Events and Problems, FY59. Army Chemical Center, Md: US Army
Chemical Center Historical Center; Jan 1960: 101-105, 112-114, 117-118, 160-162.

US Army Chemical Corps. Summary of Major Events and Problems, FY57. Army Chemical Center, Md: US Army
Chemical Center Historical Center; Oct 1957: 97-98, 103.

Smart JK. Biological Weapons. Aberdeen Proving Ground, Md: US Army Chemical and Biological Defense
Command; 1996. Special Study 55. Not cleared for public release.

The Inspector General, Department of the Army. Use of Volunteers in Chemical Agent Research. Washington, DC:
DA, I1G; 1976. DAIG-IN 21-75.

US Army Chemical Corps. Summary of Major Events and Problems, FY55. Army Chemical Center, Md: US Army
Chemical Center Historical Center; Dec 1955: 48-49, 61-62, 133.

US Army Chemical Corps. Summary of Major Events and Problems, FY56. Army Chemical Center, Md: US Army
Chemical Center Historical Center; Nov 1956: 128-130, 133-134, 140-141.

US Army Chemical Corps. Summary of Major Events and Problems, FY54. Army Chemical Center, Md: US Army
Chemical Center Historical Center; n.d: 35-36.

Chemical Corps Technical Committee. Standardization of Agent, Decontaminating, STB and Antiset, M1; Reclassi-
fication of Bleaching Material, Grade 3. Army Chemical Center, Md: CCTC; 1950. Memorandum.

Creasy WM. The forward look in the Army Chemical Corps. Armed Forces Chemical Journal. 1957;11(4):26.

Stubbs M. CBR—A power for peace. Armed Forces Chemical Journal. 1959;13(3):8-9.

81



Medical Aspects of Chemical and Biological Warfare

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

82

Stubbs M. Presentation to Directors, New York State Civil Defense Commission; 9 Feb 1960; Hotel Thayer, West
Point, NY. Speech.

US Army Chemical Corps. Summary of Major Events and Problems, FY1961-62. Army Chemical Center, Md: US
Army Chemical Center Historical Center; n.d: 9-20, 124-126, 131-132.

Palmer JM. Chemical warfare training. Armed Forces Chemical Journal. 1930;14(6):28.

Anckaitis WH. Realistic CBR training. Armed Forces Chemical Journal. 1964;18(3):16.

Harrigan A. The case for gas warfare. Armed Forces Chemical Journal. 1963;17(2):12.

United Press International. Mustard gas use suggested. Washington Post. 18 Oct 1966;A-2.

Badeeb SM. The Saudi—-Egyptian Conflict Over North Yemen, 1962-1970. Boulder, Colo: Westview Press; 1986: 2-41.
Meselson M. The Yemen. In: Rose S, ed. CBW: Chemical and Biological Warfare. Boston, Mass: Beacon Press; 1968: 99.
Pearson D, Anderson J. Egypt’s use of gas in Yemen verified. Washington Post. 6 Jun 1967.

Childs M. Chemical warfare and a death wish. Washington Post. 21 Jun 1967;A-20.

How Nasser used poison gas. US News & World Report. 3 Jul 1967;60.

Cromley R. Russians use Yemen as lab for “poison gas.” Washington News. 24 Jul 1967.

Nasser stoops lower. Chicago Daily News. 31 Jul 1967.

Cromley R. Why Israel stocks up on gas masks. Detroit News. 8 Aug 1967.

Dupuy TN. The Encyclopedia of Military History From 3500 sc to the Present. New York, NY: Harper & Row; 1986:
1279-1280.

Hersh SM. Chemical and Biological Warfare: America’s Hidden Arsenal. New York, NY: Bobbs-Merrill; 1968: 286-287.

US Army Chemical Corps. Summary of Major Events and Problems, FY60. Army Chemical Center, Md: US Army
Chemical Center Historical Center; 1961: 108, 115-117.

Department of the Army. US Army Activity in the US Biological Warfare Programs. Washington, DC: HQ, DA;
1977. Draft.

Edgewood Arsenal. Consent to Inoculation With Experimental Biological Products. Edgewood Arsenal, Md:
Edgewood Arsenal; 1965.

Medical Investigation Division. Nominees for Special Procedures Program. Edgewood Arsenal, Md: Medical In-
vestigation Division; 9 Nov 1965. Memorandum.

US Army Materiel Command. Classification of Collective Protection Equipment, Guided Missile Van, NIKE-HER-
CULES, Trailer-Mounted, M1 (E1R1) as a Standard-B Type & Component of the Related Air Conditioner—Collective
Protector (AC-CP). Washington, DC: AMC; 23 Dec 1963. Memorandum.

Department of the Army. Chemical Weapons and Defense Equipment. Washington, DC: HQ, DA, 1972: 147-148,
163, 185-186, 245. Training Manual 750-5-15.

Stone WW. Report of Investigation Concerning Sheep Deaths in Skull Valley, Utah. Washington, DC: US Army Ma-
teriel Command; n.d. A-1.

Associated Press. Army speeds removal of Okinawa gas. Washington Post; 3 Dec 1969;A-3.



164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

History of Chemical and Biological Warfare: An American Perspective

Stockholm International Peace Research Institute. CB Weapons Today. Vol 2. In: The Problem of Chemical and
Biological Warfare. New York, NY: Humanities Press; 1973: 193.

Ward PF. A Summary of Ecological Investigations at Edgewood Arsenal, Maryland: Fiscal Year 1970. Edgewood, Md:
Edgewood Arsenal Research Labs; 1971: 15-23. Edgewood Arsenal Special Publication 100-101.

Reducing the terror of war. Commanders Digest. 20 Dec 1969;4-5.

Wagner RL, Gold TS. Why we can’t avoid developing chemical weapons. Defense. 1982;3.

Fair SD. The chemical corps: Alive, well and visible. Army. 1972;29-32.

“Preferred alternative” would move chemical training to Ft. McClellan. APG News. 4 Apr 1979;A-1.
Chemical Corps School. Chemical School. Fort McClellan, Ala: Chemical Corps School; n.d.

Guiler DC Jr. Chemical Corps: A branch in search of an identity. Army. 1977;14, 15.

Foreign Science and Technology Center. Foreign Materiel Exploitation Report, Detection Kit, Chemical Agent, Model
PKhR-MYV (Soviet) (U). Washington, DC: Foreign Science and Technology Center; 1975. AST-1640X-174-75.

US Army Armament Research and Development Command. Laboratory Posture Report. Dover, NJ: ARRADCOM,;
Fiscal Year 1978: 3-4.

Gas antidote. Washington Star-News. 18 Jul 1974.
Eifried G. Russian CW: Our Achilles’ heel, Europe. Army. 1979;29(12):24-28.

Kastenmayer WW. A rebirth of chemical R&D. Army Research, Development & Acquisition Magazine. 1981;22
(4):13-15.

Siebert GW, Choi YH. Chemical weapons: Dull swords in the US armory. Military Review. 1985;65(3):23-29.
Famiglietti G. Army may switch decision, reestablish Chemical School. Army Times. 22 Jan 1979.

Chemical Corps School. The Chemical Corps Regimental Activation Ceremony. Fort McClellan, Ala: Chemical Corps
School; 1986. Pamphlet 27.

US Army Chemical Corps. Wizard of Battle. Fort McClellan, Ala: Army Chemical Corps; n.d. Pamphlet.
Fort McClellan. Fort McClellan, Ala: National Military Publications; 1983: 3. Pamphlet.

Department of the Army. Binary Chemical Munitions Program. Aberdeen Proving Ground, Md: Chemical Sys-
tems Laboratory; 1981: 1-7. Programmatic Environmental Impact Statement ARCSL-EIS-8101.

Ward FP. Construction and Operation of a 155mm M687 GB2 Binary Production Facility at Pine Buff Arsenal, Jefferson
County, Arkansas. Aberdeen Proving Ground, Md: Chemical Systems Laboratory; 1981: 3-7. Environmental
Assessment ARCSL-EA-8101.

US Army Materiel Command. Classification of Paper, Chemical Agent Detector, VGH, ABC-M8 as a Standard-A
Type & Reclassification of the M6 as Obsolete & M6AL as Standard-B Papers; & Completion of Task 1C643606D02202,
Nonvolatile Agent Contamination Detector. Washington, DC: AMC; 1 Nov 1963. Memorandum.

NBC nuggets. NBC Readiness Bulletin. 1978;4:1, 5.

US Army Materiel Command. Approval of Minutes of Development Acceptance (DEVA) Review and the Reclassifica-

tion to Standard-A of Shelter System, Collective Protection, Chemical-Biological: Inflatable, 10-man, Trailer-Transported,
M51 (XM51). Washington, DC: AMC; 3 Aug 1971. Memorandum.

83



Medical Aspects of Chemical and Biological Warfare

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

84

Department of Defense Appropriation Authorization Act. Public Law 95-79, 30 Jul 1977.

Keegan RJ. Definition of policy of the USA and USSR on chemical and biological warfare. Commander’s NU-CH
Flash. 1982;9:6. Bulletin of the US Army Nuclear and Chemical Agency.

Haig AM Jr. Chemical Warfare in Southeast Asia and Afghanistan. Report to the Congress from Secretary of State
Alexander M. Haig, Jr. Washington, DC: US Department of State; 1982. Special Report 98.

Hilts PJ. ’79 anthrax traced to Soviet military. New York Times. 18 Nov 1994.

Smith RJ. Yeltsin blames 79 anthrax on germ warfare efforts. Washington Post. 16 Jun 1992.

DeWeese K. Outbreak tied to microbiology site. APG News. 23 Mar 1994.

Collins JJ. The Soviet military experience in Afghanistan. Military Review. 1985;65(5):27.

Hoffman MS, ed. The World Almanac and Book of Facts, 1990. New York, NY: Pharos Books; 1990: 44, 46, 49, 721.
Spiers EM. Chemical Weaponry: A Continuing Challenge. New York, NY: St. Martin’s Press; 1989: 121.

Dunn P. The chemical war: Journey to Iran. Nuclear, Biological, and Chemical Defense and Technology International.
1986;28-35.

Associated Press. Iragi gas attack on Kurds disputed. Washington Times. 18 Dec 1990.

Rohrbaugh DK, Ward JR, Yang Y. Comments on the Origin of Mustard in the Gulf War. Aberdeen Proving Ground,
Md: US Army Chemical Research Development and Engineering Center; 1990: 8. Technical Report.

Dunn P. Chemical Aspects of the Gulf War, 1984-1987, Investigations by the United Nations. Ascot Vale, Australia:
Materials Research Laboratories; 1987.

United Nations. Report of the Mission Dispatched by the Secretary-General to Investigate Allegations of the Use of
Chemical Weapons in the Conflict Between the Islamic Republic of Iran and Irag. New York, NY: United Nations
Security Council; 12 Mar 1986: 19.

Special to The New York Times. UN Panel says Irag used gas on civilians. New York Times. 24 Aug 1988.
Dingeman J, Jupa R. Chemical warfare in the Iran-Iraq conflict. Strategy & Tactics. 1987;113:51-52.
Morrison J. Angola again tied to use of nerve gas. Washington Times. 11 Mar 1988.

Lancaster P. Fighting guerrillas with gas. The Middle East. 1 Jun 1987;17.

Wayne EA. Libya seeks chemical weapons in war against Chad, US charges. Christian Science Monitor. 5 Jan
1988;A-1.

Satchell M, Blaug E. A plague of “hellish poison.” US News & World Report. 26 Oct 1987;30.

Historical Office, US Army Armament, Munitions and Chemical Command. US Army Chemical Research, Devel-
opment and Engineering Center (CRDEC) Annual Historical Review (AHR). Aberdeen Proving Ground, Md:
AMCCOM,; Fiscal Year 1987: 195.

US Army Materiel Command. Materiel Status Record Submission 11876009. Washington, DC: AMC; 23 Sep 1987.
Memorandum.

New mask replaces M17 and M9A1. Army Chemical Review. 1988;44-45.



210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231

232.

233.

History of Chemical and Biological Warfare: An American Perspective

Chemical Systems Laboratory. Summary History. Aberdeen Proving Ground, Md: Chemical Systems Labora-
tory; Fiscal Year 1980: 142-143, 158.

Department of the Army. NBC Protection. Washington, DC: HQ, DA; 1992. Field Manual 3-4.

Historical Office, US Army Armament, Munitions and Chemical Command. US Army Chemical Research and
Development Center (CRDC) Annual Historical Review (AHR). Aberdeen Proving Ground, Md: AMCCOM,; 1 Jul
1983-30 Sep 1984: 73-76.

Chemical Warfare Review Commission. Report of the Chemical Warfare Review Commission. Washington DC:
Chemical Warfare Review Commission. Washington, DC: Government Printing Office; 1985: 50, 73.

The chemical strategy. Army Chemical Review. Jan 1988;23.

Historical Office, US Army Armament, Munitions and Chemical Command. US Army Chemical Research, Devel-
opment and Engineering Center (CRDEC) Annual Historical Review (AHR). Aberdeen Proving Ground, Md:
AMCCOM; Fiscal Year 1988: 8-9, 106-108.

Army weaponry and equipment. Army. 1990;40(10):326.

Parker C. Toxic chemical training. Army Chemical Review. Sep 1987;15.

Polley W, Dlugopolski M, Hartzell W. 40,000 train in chemical environment. Army Chemical Review. Jan 1988;26-31.

US Congress, Office of Technology Assessment. Disposal of Chemical Weapons: Alternative Technologies—Back-
ground Paper. Washington, DC: Government Printing Office; 1992. OTA-BP-0-95.

Yockey DJ, Deputy Under Secretary of Defense (Acquisition). United States Chemical Programs. Washington,
DC: Department of Defense; 12 Jul 1990. Memorandum For Secretaries of the Military Departments, et al.

Reid B. Experts debating Saddam’s threat to use chemicals. Baltimore Evening Sun. 22 Jan 1991.

Baker C. Tenacity may be Iraqgi ace. Army Times. 4 Feb 1991.

Atkinson R. No chemical arms found on battlefields. Washington Post. 7 Mar 1991.

Associated Press. UN arms monitors destroy Iragi germ-weapons plant. Baltimore Sun. 21 Jun 1996;A-22.
Iragi weapons plant destroyed. Military Newswire. 1996.

Smith RJ. Iraq had program for germ warfare. Washington Post. 6 Jul 1995;A-1.

Crossette B. Iraq gives UN fuller details on its germ warfare program. New York Times. 23 Aug 1995.
Barker RB. The future of the DOD chemical/biological defense program. Defense. 1992;May-Jun:27.
Herbig AT. Nerve agents—their physiological effects. Army Chemical Review. 1990;July:9-13. PB 3-90-2.

Smart JK. Desert Storm Diary. Aberdeen Proving Ground, Md: US Army Chemical and Biological Defense Com-
mand; 1991. Not cleared for public release.

Johnson SS. Cheney fears chemical attack possible. USA Today. 28 Jan 1991.
Gertz B. Nerve gas detected by Czechs during Gulf War. Washington Times. 7 Sep 1993.

Gulf War veterans link ailments to destruction of Iragi bunker. Baltimore Sun. 11 Aug 1996;A-3.

85



Medical Aspects of Chemical and Biological Warfare

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244,

245.

246.

247.

248.

249.

250.

251.

252.

253.

86

American soldiers may have been exposed to Iragi chemical weapons, Pentagon says. Baltimore Sun. 22 Jun
1996;A-10.

New York Times News Service. 20,000 troops may have faced gas. The Sun. 23 Oct 1996:A-1.
Matthews M. US warns Iraq against using chemical arms. Baltimore Sun. 10 Mar 1991.

Tyler PE. Baghdad reportedly told commanders to use chemicals Baltimore Sun. 10 Mar 1991.
Wines M. US hints at chemical arms bunker in Libya. New York Times. 7 Mar 1991.

New York Times News Service. Libya close to finishing huge chemical weapons plant. Baltimore Sun. 25 Feb
1996;A-20.

US Army Chemical and Biological Defense Command. AMC Accomplishments During General Ross’ Period of
Command. Aberdeen Proving Ground, Md: CBDCOM; n.d.

NBCRS headed for production. The Catalyst. 1995;1(2):4.

Alarming news: M21 alarm approved for production. The Catalyst. 1995;1(1):1, 4.
Moore A. Putting the “B” back in NBC. Soldiers. 1996;51(4):36.

Adams JR. Russia’s toxic threat. Wall Street Journal. 30 Apr 1996.

Englund W. Ex-Soviet scientist says Gorbachev’s regime created new nerve gas in '91. Baltimore Sun. 16 Sep
1992.

Lewthwaite GA. Terrorist attacks in US expected. Baltimore Sun. 1 Nov 1995;A-1.

Associated Press. Japanese guru will hear litany of nerve-gas victims. Baltimore Sun. 21 Apr 1996;A-22.
Congress probes Japanese cult. Military Newswire. 1996.

Birch D. Bubonic plague sample delivered to white racist. Baltimore Sun. 18 May 1995;A-4.

Wire Reports. Bio-terrorism sentence. Baltimore Sun. 19 May 1995;A-3.

Associated Press. ATF officials say they’ve instituted reforms since Waco. Baltimore Sun. 1 Nov 1995;A-10.
Wire Reports. Anti-terrorism training bill clears senate on 96-0 vote. Baltimore Sun. 28 Jun 1996;A-10.

Defense Against Weapons of Mass Destruction. House Bill HR 3730; 27 Jun 1996.



Chapter 3

HISTORICAL ASPECTS OF MEDICAL
DEFENSE AGAINST CHEMICAL WARFARE

ROBERT J. T. JOY, M.D., FACP”

INTRODUCTION

EARLY HISTORY

NINETEENTH CENTURY

WORLD WAR |

MEDICAL PROBLEMS CAUSED BY MUSTARD
THE INTERWAR YEARS

WORLD WAR 11

THE POSTWAR YEARS: 1945 TO THE PRESENT

SUMMARY

*Colonel, Medical Corps, U.S. Army (Ret); Professor Emeritus, Department of Medical History, Uniformed Services University of the Health
Sciences, 4301 Jones Bridge Road, Bethesda, Maryland 20814-4799

87



Medical Aspects of Chemical and Biological Warfare

INTRODUCTION

In discussing the history of the use of any new
weapon and the medical response to it, one must
also describe the context of the weapon: its scien-
tific, social, and political aspects. For chemical war-
fare, there is the particular idea that chemical weap-
ons are inhumane and immoral. Medical people,
who treat the wounded, may well believe that all
weapons are inhumane. Nevertheless, even the

terms are relative—consider Pope Innocent Il, who,
in 1139, forbade the use of the relatively new cross-
bow as “Hateful to God and unfit for Christian
Use.”1PP%-%) His prohibition was cheerfully ignored,;
the crossbow was used for over 300 years. In this
essay, | will return to the issue of the moral use of
the chemical weapon, but let us begin with the early
history of chemical warfare itself.

EARLY HISTORY

In Thucydides’s History of the Peloponnesian War,
the 4th-century sc war between Athens and Sparta,
we find the earliest description of chemical warfare.
Thucydides describes how the Athenians were de-
fending a fort at Delium in 423 sc, when the allies
of Sparta attacked:

The Boethians took the fort by an engine of the fol-
lowing description. They sawed in two and
scooped out a great beam from end to end and fit-
ted [it] together again like a pipe. They hung by
chains a cauldron at one extremity, with which com-
municated an iron tube projecting from the beam,
and this they brought up on carts to the part of the
wall composed of vines and timber and inserted
huge bellows into their end of the beam and blew
with them. The blast passing closely confined into
the cauldron, filled with lighted coals, sulfur and
pitch made a great blaze and set fire to the wall.

The smoke made it untenable for the defenders who
left and fled, and the fort was taken.?2

In Ap 660, some thousand years later, a man
named Kalinkos, who was either a Greek architect
or a Syrian alchemist, invented Greek fire. The ac-
tual formula is lost, but it probably consisted of
resin, pitch, sulfur, naphtha, lime, and saltpeter.
Greek fire was an excellent naval weapon because
it would float on water and set fire to the wooden
ships of the era.®

In the 9th century, Leo IX of Byzantium, writ-
ing on warfare, described “vases filled with quick-
lime which were thrown by hand. When broken,
the vase would let loose an overpowering odor
which suffocates those who are near.”*PP4-4) His-
torically, then, the chemical weapons were fire
and gas.

NINETEENTH CENTURY

In 1812, Admiral Thomas Cochrane of the Royal
Navy of Great Britain proposed packing ships with
sulfur, setting them afire, and having them sail
into the French ports during the Napoleonic
wars. Cochrane argued that the resultant sulfur
dioxide would be carried by prevailing winds into
the forts and thus incapacitate the enemy.>” The
Admiralty turned down his idea as impractical and
further stated, “It is against the rules of war-
fare." 7(p22-23)

Some 30 years later, during the Crimean War of
1854, Sir Lyon Playfair, a noted British chemist, pro-
posed the use of cyanide-filled shells against the
Russian fort at Sebastapol. The War Office rejected
the idea, stating that it was “as bad as poisoning
the enemy’s water supply.”8"%) Playfair was ap-
palled by that decision and made an interesting
prophecy:
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There is no sense to this objection. It is considered
a legitimate mode of warfare to fill shells with
molten metal, which, scattering among the enemy,
produced the most frightful modes of death. Why is
a poisonous vapor which would kill men without
suffering to be considered illegitimate? This is incom-
prehensible to me. But no doubt in time chemistry
will be used to lessen the suffering of combatants. 2>

When the American Civil War started in 1861, the
use of Greek fire was threatened but, in fact, never
used. Edwin Stanton, President Lincoln’s secretary
of war, received an interesting letter from Mr. John
Doughty of New York in 1862. Enclosing a sketch
of an artillery shell (Figure 3-1), Mr. Doughty wrote:

Above is the projectile | have devised for routing
an entrenched enemy. Chlorine is so irritating in
its effects upon the respiratory organs that a small



Fig. 3-1. John W. Doughty’s original drawing of the ar-
tillery chlorine shell he proposed in a letter to Edwin M.
Stanton, Secretary of War, in 1862. Original drawing held
at Record Group 94, Records of the Adjutant General’s
office, entry 286, special file 62B (TR3), National Archives
Building, Washington, DC.

quantity produces incessant and uncontrollable
violent coughing. A shell holding two or three
guarts of liquid chlorine contains many cubic feet
of the gas.*®?

He went on at great length in his letter to describe
the potential of this shell against ships, trenches,
“casemates, and bomb-proofs.” He concluded by
stating:

As to the moral question involved, | have arrived
at the somewhat paradoxical conclusion that its
introduction would very much lessen the sanguine
character of the battlefield and render conflicts
more decisive in their results.%"%

Historians have been unable to find a written
response to that letter. Of course, the gas shell was
not used.™

After the American Civil War, chemistry ad-
vanced rapidly as a science. As early as the 1830s,
Frederick Woehler had synthesized urea, and or-
ganic chemistry began. In Germany in the 1840s,
Justus von Liebig had introduced isomer chemis-
try and chemical fertilizers. In Sweden in the 1860s,
Adolph Nobel produced trinitrotoluene (TNT) and
dynamite. In 1912, a German chemist, Fritz Haber
(Figure 3-2), developed the ammonia process for
making nitrates. By the turn of the century,
Germany had become the center of world chem-
istry. The six largest German firms held 950
chemical patents, whereas the six largest British
firms held only 86 patents. Ninety percent of the
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Fig. 3-2. Fritz Haber (1867-1934) received the 1918 Nobel
prize for solving the heretofore intractable problem of
making atmospheric nitrogen available for use in myriad
industrial chemical processes, including making fertil-
izer and explosives. He became interested in toxic gas as
a weapon of war early in World War I. Along with
Walther Nernst, Haber was responsible for the German
chemical warfare program and directed the initial Ger-
man attack on Ypres. He was also a strong advocate of
chemical warfare after World War I. Reprinted with per-
mission from Goran M. The Story of Fritz Haber. Norman,
Okla: University of Oklahoma Press; 1957.

dyes used around the world were produced in
Germany. 12

As is usual with human advances, consideration
was given to the use of chemicals (or, in the ver-
nacular of the time, poison gases) in war. The moral
question that Mr. Doughty had raised in 1862
during the American Civil War became an issue at
the Hague Convention of 1899, an international
meeting aimed at limiting the horrors of war.
Among the issues raised was that of poison gas.
The American military representative at that meet-
ing was Rear Admiral Alfred Thayer Mahan of the
U.S. Navy, who stated the official military position
very well:

It seems to me that it cannot be proved that shells
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with asphyxiating gases are inhumane or unneces-
sarily cruel or that they could not produce deci-
sive results. | represent a people, animated by a
lively desire to make warfare more humane, but
which nevertheless may find itself forced to wage
war, and therefore it is a question of not depriving
ourselves through hastily adopted resolutions of

means which we could later use with good
results. ¥4

The Hague Convention did outlaw chemical
warfare, but the agreement had so many loopholes
that it made no real difference when it came to the
testing ground of World War 1.

WORLD WAR |

During World War 1, chemical warfare began
with the German introduction of portable flame-
throwers, which were not terribly effective after the
initial shock wore off. There were a number of prob-
lems with flamethrowers: the flames lasted only a
minute or two; the devices had a tendency to blow
up and kill the operator; and they were easy to
counter by shooting the operator.

Chemical warfare began in a tentative way with
the French use of tear gas grenades in 1914 and early
1915. They were not particularly useful. The Ger-
mans began experimental work on chemical agents
in late 1914 and produced a tear gas artillery shell.
These were used against the Russians in January
1915 but were not particularly effective, owing to
the cold weather. Fritz Haber, Director of the Kai-
ser Wilhelm Institute of Physical Chemistry in Ber-
lin, proposed the use of chlorine gas, to be released
from cylinders.**%

By 1915, the trench line between the French and
British forces and the Germans was established
from the English Channel to the Swiss border, and
a stalemate set in. At the junction of the British Ex-
peditionary Force and a French territorial division
near the old Belgian city of Ypres, an event occurred
on 22 April 1915 that marked a new kind of war-
fare (Figure 3-3):

Suddenly at about 4 p.m., there rose from the Ger-
man trenches opposite the lines occupied by the
French Colonial troops, a strange opaque cloud of
greenish-yellow fumes. A light breeze from the
northwest wafted this cloud toward the French who
fell gasping for breath in terrible agony. Terror
spread through the ranks, and a panic followed
which quickly spread from front to rear lines.

We saw figures running wildly in confusion over
the fields. Greenish-gray clouds swept down upon
them, turning yellow as they traveled over the
country blasting everything they touched and
shriveling up the vegetation. No human courage
could face such a peril. Then there staggered into
our midst French soldiers, blinded, coughing,
chests heaving, faces an ugly purple color, lips

90

speechless with agony, and behind them in the gas-
soaked trenches, we learned that they had left hun-
dreds of dead and dying comrades. It was the most
fiendish, wicked thing | have ever seen. %)

Intelligence warnings had been available for
some 2 weeks about the Germans putting gas cyl-
inders in the trenches, but the British and the French
failed to heed them. The Germans released 150 tons
of chlorine from 6,000 cylinders (50 Ib of liquid per
cylinder), and their tactical success was immediate.
They punched a hole through 15,000 troops, leav-
ing perhaps 800 dead and maybe another 2,500 to
3,000 incapacitated.

However, the German High Command was not
ready for follow-up, in part because they did not
trust the weapon. In part, they saw it as a civilian

Fig. 3-3. This photograph is reputed to show the histori-
cal German chlorine gas cloud attack at Ypres, Belgium,
on 22 April 1915. Although there is little evidence to sup-
port this claim, the photograph does show a visible cloud,
probably created by a cylinder attack. Photograph: Cour-
tesy of Chemical and Biological Defense Command His-
torical Research and Response Team, Aberdeen Proving
Ground, Md.
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Fig. 3-4. Warfare in the chemical age. (a) British soldiers at the Battle
of the Somme appear to be wearing PH helmets in this photograph
dated July 1916. (b) The PH helmet was an improved version of the
earlier hypo and P helmets in which air was inhaled and exhaled
through the fabric. The PH helmet incorporated an expiratory valve,
and the cloth was impregnated with chemicals designed to destroy
phosgene (the active agent was hexamethylenetetramine). This pro-
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tective mask was stiflingly hot, and prolonged wear resulted in car-

bon dioxide retention. Source for figure legend: Prentiss AM. Chemicals in War: A Treatise on Chemical Warfare. New
York, NY: McGraw-Hill; 1937: 536. Photograph a: Reprinted with permission from Imperial War Museum, London, En-
gland. Photograph b: Courtesy of Pictorial History, Gas Defense Division, Chemical Warfare Service, Vol 5, Edgewood
Historical Files. Held at Chemical and Biological Defense Command Historical Research and Response Team, Aber-

deen Proving Ground, Md.

idea that had been pushed on them by professors
Walther Nernst of the University of Berlin and Fritz
Haber of the Kaiser Wilhelm Institute. (Haber had
developed the ammonia process and Nernst formu-
lated the third law of thermodynamics. After the
war, both men won Nobel prizes for their work in
chemistry.) More importantly, reserve troops had
been diverted to the Russian front while the Ger-
mans had been waiting for the right weather for
their gas attack.™™®

Now began the race between weapon protection
and weapon development. Medical involvement in
chemical warfare began with the development of
protective systems as well as with the treat-
ment of patients. The Germans were the first to de-
velop a mask. It had pads soaked in bicarbonate and
sodium thiosulfate,?!®%® with some charcoal
between the layers. The British began using “veil”
respirators: the soldier put a soaked gauze pad over
his nose and mouth and then wrapped millinery
veiling around his head to hold the gauze in place.
The British rapidly developed a flannel hood,
in which a flannel bag with eyepieces was soaked
in glycerin and sodium thiosulfate and then pulled
over the head (Figure 3-4). The French M2 mask
was similar to the British mask, in which air
was breathed through multiple layers of cloth

impregnated with neutralizing chemicals (Figure
3-5). In early 1916, the Germans introduced a far
more sophisticated mask, which featured a canis-
ter containing the neutralizing chemicals attached
to the front of the mask. Air was breathed through
the canister (Figure 3-6). Horses were the prime
movers in World War | and had to be protected
from chemicals by gas masks that looked like nose
bags. Artillerymen, quartermasters, and transport
personnel were directed to mask their horses
before masking themselves (you can’t teach a
horse to hold its breath).'”'%?2% Byt until a
gas-warning system was implemented and soldiers
routinely carried gas masks, casualty rates
approached 5%, with a 25% death rate (Table
3-1). 18(App D)

By September 1915, the British were moving chlo-
rine cylinders to the front. Major Liven of the Brit-
ish army developed the Livens projector, a mortar
that could throw shells holding 1.5 gal of either
chlorine or phosgene. The Germans continued
to use gas cloud attacks; by December 1915,
the standard mixture consisted of chlorine and
phosgene?(PP154-159) (Eigure 3-7). In 1916, the British
developed a “box respirator” (Figure 3-8), in which
the mask was connected by a hose to a canister filled
with protective chemicals and filters and carried in

91



Medical Aspects of Chemical and Biological Warfare

Figure 3-5 is not shown because the copy-
right permission granted to the Borden Insti-
tute, TMM, does not allow the Borden Institute
to grant permission to other users and/or does
not include usage in electronic media. The cur-
rent user must apply to the publisher named in
the figure legend for permission to use this il-
lustration in any type of publication media.

Fig. 3-5. The French M2 protective mask was similar
to the British cloth helmets and the earliest German
masks in the sense that the nose and mouth were cov-
ered with cloth impregnated with neutralizing chem-
icals. Even though somewhat ineffective, the M2 protec-
tive mask was used throughout World War | and was
even used by members of the American Expeditionary
Force early in its deployment. By 1916, the French had
the makings of a vastly superior mask, designed by the
respiratory physiologist Tissot. This mask incorporated
inlet and outlet valves and contained a design feature
still found in today’s masks: the inhaled air passes over
the lenses, thereby preventing their fogging. Practical
problems prevented its widespread adoption by the
French army. Reprinted with permission from Hartcup
G. The War of Invention, 1914-18. London, England:
Brassey; 1988.

a canvas pouch. This was later copied by the Ameri-
cans. Like the British protective mask, the early
American mask had a nose clip and an internal
mouthpiece. Dennis Winter quoted a British
officer’s view:

We gaze at one another like goggle-eyed, imbecile
frogs. The mask makes you feel only half a man.
The air you breathe has been filtered of all save a
few chemical substances. A man doesn’t live on
what passes through the filter—he merely exists.
He gets the mentality of a wide-awake vege-
table.27(p124)
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Fig. 3-6. The most widely used German mask was intro-
duced in early 1916; this painting was made in 1917. The
neutralizing chemicals were placed in a canister attached
directly to the facepiece of the mask. The wearer both
inhaled and exhaled through the canister. Protection de-
pended on a tight seal between the mask and the wearer’s
face so that only air that had passed through the canister
entered the respiratory tract. In addition, note the World
War l-vintage truncal armor worn by these storm troop-
ers. Reprinted with permission from Smith B. France: A
History in Art. New York, NY: Doubleday; 1984.



Fig. 3-7. The Germans continued to use gas cloud attacks
throughout 1916, usually mixing chlorine with phosgene.
Colonel H. L. Gilchrist, medical director of the Ameri-
can Expeditionary Force for gas warfare, prepared this
illustration for chemical warfare training purposes. The
drawing is based on an actual German gas cloud in 1916
but an American division is substituted for the British
division that was actually attacked. The gas cloud is seen
as totally interrupting the division’s medical evacuation
system, as well as making inoperative its two “degas-
sing stations” (see Figure 3-20). Reprinted from Gilchrist
HL. A Comparative Study of World War Casualties From Gas
and Other Weapons. Edgewood Arsenal, Md: Chemical
Warfare School; 1928: illustration 1.

A new weapon had come to the battlefield. It was
not decisive in a strategic sense, and it did not break
the stalemate of trench warfare. At the tactical level
and to the soldier, however, it had a significant and
frightening impact (Figure 3-9). Frederic Brown
summarized it well:

Gas is insidious. It often causes casualties without
any warning. It exerts a tremendous effect on mo-
rale, especially in untrained troops. Uncertainty as
to when and where gas is present and how it will
act is demoralizing even to troops with high disci-
pline. Nothing breaks a soldier’s will to fight so
quickly as being gassed, even slightly. His imagi-
nation magnifies his real injury 100-fold.2®1%

In April 1917, the United States entered the war,
unprepared for chemical warfare. We had no organi-
zation, no equipment, and no personnel trained for
chemical warfare. The U.S. Bureau of Mines was given
the task of researching and developing chemical
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Fig. 3-8. The British small-box respirator, introduced in
1916 and seen in 1918 in this photograph, was vastly more
satisfactory than the earlier British helmets. The wearer
breathed through a mouthpiece (like that worn by a scuba
diver). Since a spring clip was applied to the nose, only
air that had passed through the mouthpiece could enter
the lungs. An absolute seal between the face and mask
was unnecessary. The mouthpiece was connected by a
tube to the canister containing neutralizing chemicals,
which was worn around the trunk. Although the small-box
respirator was much more protective than its predeces-
sors, it was probably even less user-friendly. Photograph:
Courtesy of Pictorial History, Gas Defense Division,
Chemical Warfare Service, Vol 5, Edgewood Historical
Files. Held at Chemical and Biological Defense Command
Historical Research and Response Team, Aberdeen Prov-
ing Ground, Md.

agents, primarily through contracts with universi-
ties. The Signal Corps was tasked with making the
gas alarms, the Ordnance Corps with making the
weapons and ammunition, and the Engineers with
providing troops with chemical weapons and train-
ing them in their use. The Army Medical Depart-
ment was directed to manufacture protective equip-
ment and provide troops with training in its use.
The Medical Department performed physiological
studies on the energy costs and pulmonary func-
tion of individuals wearing masks. It also conducted
controlled gas-exposure studies by exposing volun-
teers to low doses of gas to test the efficacy of vari-
ous protective masks (Figure 3-10). In October 1917,
at Edgewood Arsenal, Maryland, the United States
began to build a huge industrial complex for mak-
ing chemical warfare agents; this facility poured out
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Fig. 3-9. In this posed instructional picture of a gas at-
tack, the soldier on the right has removed his small-box
respirator and is inhaling poison gas. What message is
this training photograph illustrating? That the mask is
defective and is letting in the chemical agent? That the
soldier thought he smelled gas, and, fearing that the mask
was defective, ripped it off? Or perhaps that the soldier
could not see (the lenses of the small-box respirator were
notoriously subject to fogging), removed his mask, and
is now suffocating? Whatever its intended purpose, this
photograph reminds us that removal of the mask in the
presence of chemical agents was a major cause of chemi-
cal injury in World War 1. Gilchrist pointed this out in
1928:
Investigation showed that these casualties were
caused by general lack of gas discipline. It was found
that the standing order that “Men will not remove
the mask until ordered to do so by an officer” was
absolutely disregarded by practically all units af-
fected, and that fully 75 per cent of the casualties
were due to the disobedience of this order, casual-
ties which efficient training and discipline would
have prevented.
Gas mask discipline was the key to low chemical casu-
alty rates in the face of this insidious weapon. Quota-
tion: Gilchrist HL. A Comparative Study of World War Ca-
sualties From Gas and Other Weapons. Edgewood Arsenal,
Md: Chemical Warfare School; 1928: 16. Photograph: Re-
printed from Moore WE, Crussell J. US Official Pictures
of the World War. Washington, DC: Pictorial Bureau; 1920.

chemical munitions by the ton for shipment over-
seas. % (Chemical warfare research done at The
American University, Washington, DC, during
World War | had a long-delayed fallout. In 1993,
during construction of new homes in Spring Val-
ley, a neighborhood located near the university,
chemical warfare munitions from World War | were
uncovered. It seems that the then-vacant wooded
area was used as a testing range. The material has
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Fig. 3-10. The men are testing experimental canisters,
probably performing a primitive form of quality assur-
ance for equipment to protect against chemical warfare
agents. Photograph: Courtesy of Chemical and Biologi-
cal Defense Command Historical Research and Response
Team, Aberdeen Proving Ground, Md.

Fig. 3-11. This poster from World War | was designed to
encourage enthusiasm for quality assurance among
women who worked manufacturing protective masks.
Photograph: Courtesy of Pictorial History, Gas Defense
Division, Chemical Warfare Service, Vol 5, Edgewood
Historical Files. Held at Chemical and Biological Defense
Command Historical Research and Response Team, Ab-
erdeen Proving Ground, Md.



Fig. 3-12. Harry L. Gilchrist (1870-1943), shown here as
a major general and head of the Chemical Corps, was
the preeminent figure in the history of the U.S. Army’s
medical defense against chemical agents. As a Medical
Corps colonel, he was medical director of the Gas Ser-
vice, American Expeditionary Force 1917-1918, and was
responsible for all important aspects of chemical casu-
alty care. He was chief of the medical division of the
Chemical Warfare Service at Edgewood Arsenal from
1922 to 1929 and head of the Chemical Corps from 1929
to 1934. Following his retirement from the army in 1934
and until 1940, he was editor of The Military Surgeon, the
predecessor journal of today’s Military Medicine. Photo-
graph: Courtesy of Chemical and Biological Defense
Command Historical Research and Response Team, Ab-
erdeen Proving Ground, Md.

been removed by the U.S. Army Chemical Corps, with
assistance from other agencies.*)

Unfortunately, the first masks sent overseas with
the AEF were defective (Figure 3-11), and the new
AEF arrivals were fitted with French masks. Gen-
eral Pershing, the commanding general of the AEF,
was very familiar with the divided responsibilities
for chemical warfare in the United States. To pre-
vent this from occurring in the AEF in France, he
put an infantry colonel, Amos Fries, in charge of a
unified Gas Warfare Service, which later became the
Chemical Warfare Service (CWS, the forerunner of
today’s Chemical Corps). In turn, Colonel Fries
chose an army physician, Colonel Harry Gilchrist
(Figure 3-12), to head the medical section of his ser-
vice. Gilchrist was very well known for his work in
infectious diseases and was highly regarded as a
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researcher. (In 1929, Gilchrist gave up his medical
commission, transferred to the Chemical Corps, and
became a major general and the head of the corps.)

Treatment regimens were directed toward the
lung irritants that produced pulmonary edema, al-
veolar disruption, vascular stasis, and thrombosis.
Therapy consisted of good nursing, rest, oxygen,
and venesection. Death from exposure to chlorine
or phosgene usually occurred within 48 hours after
cardiopulmonary collapse.

With the effects of the respiratory agents largely
defeated by masks, the Germans changed the rules.
In July 1917, they introduced dichlorethyl sulfide
(mustard) against British troops at Ypres, Belgium.
Delivered by artillery shells, mustard caused 20,000
casualties (Figure 3-13). To quote Gilchrist:

Fig. 3-13. This photograph from Gilchrist’s study of
World War | gas casualties has the following figure leg-
end: “War photograph—Showing a small proportion of
many mustard gas casualties in the United States forces
resulting from a severe gas attack.” Note that none of
the healthcare providers are wearing protective equip-
ment. Casualties are being unloaded from an ambulance
in preparation to being triaged. Effective triage of chemi-
cal casualties was very difficult, as is apparent from this
excerpt from an operational report:
Gas cases were the most difficult of all to handle. It
is impossible for the surgeon to properly diagnose
his cases. One has no means of knowing whether he
is dealing with delayed gas poisoning or with a
simple case of Gas Fright ... (but) all palpable cases
of poisoning were immediately evacuated, taking
precedence over other cases.
Quotation: Cochrane RC. The 3rd Division at Chateau
Thierry July 1918. In: US Army Chemical Corps Historical
Studies: Gas Warfare in World War 1. Washington, DC: Of-
fice of the Chief Chemical Officer, US Army Chemical
Corps Historical Office; 1959: 90. Study 14. Photograph:
Reprinted from Gilchrist HL. A Comparative Study of World
War Casualties From Gas and Other Weapons. Edgewood Ar-
senal, Md: Chemical Warfare School; 1928: facing page 20.
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Fig. 3-14. Although this photograph is frequently held
to show the inhumanity of chemical warfare, the un-
equivocal fact is that very few mustard casualties devel-
oped permanent eye injuries—Ilet alone blindness. Re-
printed from Marshall SLA. American Heritage History of
World War I. New York: NY: Simon and Schuster; 1964: 167.

At first the troops didn’t notice the gas and were
not uncomfortable, but in the course of an hour or
so, there was marked inflammation of their eyes.
They vomited, and there was erythema of the skin.
Actually the first cases were diagnosed as scarlet
fever. Later there was severe blistering of the skin,
especially where the uniform had been contami-
nated, and by the time the gassed cases reached the
casualty clearing stations, the men were virtually
blind and had to be led about, each man holding
on to the man in front with an orderly in the lead
[Figure 3-14].3%r4)

Armies were now faced with a persistent agent.
In fact, mustard has remained active (in concrete)
for up to 25 to 30 years. It has a low-dose effect,
does not have a strong odor, and, in addition to
being a lung agent, is also a skin agent. Brown put
it well:

To the soldier, grave problems were presented
by the requirements for individual and collective
protection. The very air the soldier breathed and
the objects he touched became potential weapons.
How would the soldier eat, drink, sleep, perform
bodily functions, use his weapon, or give and re-
ceive commands? How would he know his area
was contaminated?20(Pp34-%5)

The presence of mustard gas meant that every-

day living became a real problem. Areas previously
safe from the lung gases were no longer safe from
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Fig. 3-15. This photograph from Gilchrist’s study of
World War | gas casualties has the following figure leg-
end: “War photograph—An old ruin heavily contami-
nated with mustard. Warning sign on ruin; place guarded
by troops to prevent entrance.” More often than not, con-
taminated sites were not so clearly identified. Photograph
reprinted from Gilchrist HL. A Comparative Study of World
War Casualties From Gas and Other Weapons. Edgewood Ar-
senal, Md: Chemical Warfare School; 1928: facing page 27.
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Fig. 3-16. Chemical agents used per year by major
belligerents in World War I, in thousands of tons. Data
source: Stockholm International Peace Research Institute
(SIPRI). The Rise of CB Weapons. Vol 1. In: The Problem of
Chemical and Biological Warfare. New York, NY: SIPRI;
1971: 128. Cited by: King CR. A Review of Chemical and
Biological Warfare During World War |. Aberdeen Proving
Ground, Md: US Army Materiel Systems Analysis Activ-
ity; 1979: Table 17, page 45. AMSAA-Tactical Operations
Analysis Office Interim Note T-18.



mustard (Figure 3-15). It is heavier than air and thus
settles. Because of its persistence, huge areas of
ground remained dangerous for days and weeks,
just as if they had been mined. Effective as mus-
tard was, chemists continued to produce new agents
and combinations of agents. By the end of the war,
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11 single agents and at least 7 combinations had
been developed. Thousands of tons of these new
weapons were produced by both sides (Figure 3-
16). By 1918, approximately 25% of all artillery fire
was chemical rounds. Whether for good or ill, this
new weapon had come to stay.'"%-3

MEDICAL PROBLEMS CAUSED BY MUSTARD

I will discuss in detail the medical problems with
mustard gas during World War I. | have chosen
mustard because the issues of diagnosis, evacua-
tion, treatment, and contamination are similar to
those with nerve agents, and because mustard is still
used as a weapon today. During World War |, pa-
tients and stretcher-bearers alike had to don masks,
limiting their vision and activity and making head-
wounded patients difficult to mask and treat. In the
U.S. forces, gassed patients were identified by a
crayon cross on their foreheads because patients
could appear well when evacuated but suffer from
symptoms hours after exposure to mustard.

In addition to the problem of triage of patients
by type of exposure, there were the problems
of hysteria and malingering. New troops often
confused the smell of high explosives with that
of gas and, as a result, made honest errors of
self-diagnosis or suffered from “gas mania.” [A
graphic example of the problem of triage and diag-
nosis is apparent in the following U.S. Army
afteraction report, describing an event that took
place in 1918:

One form of psychoneurosis, “Gas Fright,” was
very common but most cases could be restored to
the lines after a few hours’ rest. One instance oc-
curred where an entire platoon of machine gunners
developed this form of psychosis. These men were
eating their meal just before dark when a shell fell
and burst at a distance of about 100 meters. They
continued eating and many of them had finished
when someone yelled Gas! and said their food had
been gassed. All the men were seized with gas
fright and a few minutes later made their way to
the Aid Station. To an inexperienced eye they could
have easily been diagnosed as gassed patients.
They came in in a stooping posture, holding their
abdomens and complaining of pains in the stom-
ach, while their faces bore anxious, frightened ex-
pressions and some had even vomited. After reas-
surance, treatment with tablets of sodium bicarbon-
ate, and a night’s rest, they were quite well
again.*®)—RFB, ed.]

Gilchrist studied 281 cases consecutively admit-
ted to a field hospital and found that only 90 of

them were true gas casualties. Some were malin-
gerers, some were misdiagnosed by battalion sur-
geons, and some had made honest errors of self-
reporting.*

The mass casualties that were generated by
mustard gas demanded a medical capability for
quick mass decontamination of those attacked
(Figure 3-17). Colonel Gilchrist organized a mo-
bile degassing unit, a medical unit that provided
showers and uniform changes for 5% of divi-
sion strength. The unit (12 men and 1 officer) had
the capability to decontaminate 24 men every 3

Fig. 3-17. The mobile decontamination facility was the
essential part of the degassing station, two of which were
to be added to each division. As events transpired, only
one experimental mobile decontamination facility was
actually constructed, but it was never used in combat.
Its objective was “to give hot baths and clean clothing to
those subjected to the fumes of mustard gas at the near-
est possible points to where gas bombardments take
place.” Given what is now known about the speed with
which mustard injury develops, attempting to slow the
progression of mustard injury by this regimen was most
likely an exercise in futility. Nevertheless, by providing
a shower and clean clothing, the degassing station would
have played an important role in improving the general
sanitation and morale of combat troops. Quotation:
Gilchrist HL. Field arrangements for gas defense and the
care of gas casualties. In: Weed FM, ed. Medical Aspects
of Gas Warfare. Vol 14. In: Ireland MW, ed. The Medical
Department of the United States Army in the World War.
Washington, DC: Government Printing Office; 1926: Chap
4: 61. Photograph: Courtesy of Chemical and Biological
Defense Command Historical Research and Response
Team, Aberdeen Proving Ground, Md.
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Fig. 3-18. This photograph from Gilchrist’s study of
World War | gas casualties has the following figure leg-
end: “War photograph—Special ambulances used for
transporting mustard gas casualties rendered necessary
due to insidiousness of mustard.” Note that the ambu-
lance crews appear not to be protected against mustard.
Reprinted from Gilchrist HL. A Comparative Study of World
War Casualties From Gas and Other Weapons. Edgewood Ar-
senal, Md: Chemical Warfare School; 1928: facing page 30.

Fig. 3-19. This photograph from Gilchrist’s study of
World War | gas casualties has the following figure leg-
end: “War photograph—Special gas aid station for ad-
ministering to gas casualties. Here cases suffering from
different gases were, when possible, segregated.” Note
the lack of protective equipment; the casualty being
loaded into the ambulance was apparently not deemed
a threat, possibly because he was a victim of a respira-
tory agent. Reprinted from Gilchrist HL. A Comparative
Study of World War Casualties From Gas and Other Weap-
ons. Edgewood Arsenal, Md: Chemical Warfare School;
1928: facing page 31.
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minutes. This unit was not for treating patients
but for decontaminating troops who had been ex-
posed to mustard but were not yet casualties. A
water tank truck carried enough water for 700
showers of 2 minutes’ duration; the water was
heated by a gasoline heater at the rear of the truck.
A long tent was erected, with the showers at the
back of the tent. At the front of the tent, the men
discarded their contaminated clothing and then
stepped under the showers. The men in the medi-
cal unit who handled the contaminated clothing
were protected by rubber-and-oilcloth uniforms and
gas masks.?3

The low volatility of mustard and its ability to
cause injuries at very low doses required medics to
segregate the patients and to establish specialized
evacuation systems and equipment, because mus-
tard contaminated everything it came in contact
with. Indeed, a single man with mustard on his
uniform could easily contaminate an entire ambu-
lance or dugout (Figures 3-18 and 3-19).

The acute conjunctivitis induced by mustard
(Figures 3-20 and 3-21) required immediate eye ir-
rigation. Most of the eye cleared up in several
weeks. Nevertheless, during the resolution stage of
mustard-related acute conjunctivitis, patients were
photophobic for a considerable period.

Skin burns were treated in a variety of ways (Fig-
ure 3-22). First, the patients were washed down by
corpsmen who wore protective clothing. Early in

Fig. 3-20. A nurse is irrigating the eyes of soldier who
has a probable mustard injury. Given the rapidity with
which mustard damages tissue, however, we know now
that eye irrigation would have provided only symptom-
atic relief. Reprinted from Moore WE, Crussell J. US
Official Pictures of the World War. Washington, DC: Picto-
rial Bureau; 1920.
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Fig. 3-21. In 1918, the British prepared for the American Expedition-
ary Force a series of color drawings and descriptions of injuries caused
by chemical warfare agents. This drawing depicts a severely burned
eye in the acute stage after exposure to mustard vapor. A portion of
the original description follows:

[Severely burned eyes] may be recognized by certain characteristic
features that are depicted in the drawing [right]. Whenever a dead
white band crosses the exposed area of the conjunctiva, while the
parts of this membrane covered by the upper and lower lids are red
and oedematous, serious injury from the burning is likely to have
occurred.

In the case illustrated, the caustic effect of the vapour is seen chiefly
in the interpalpebral aperture. On each side of the cornea there is a
dead white band due to coagulative oedema, which compresses the
vessels, impairs the circulation, and thus acts as a menace to the |
nutrition of the cornea. The swelling in the region of this white band |

is slight, while the protected conjunctiva above and below it is greatly L ——
swollen and injected and may even bulge between the lids.

The exposed portion of the cornea is grey and hazy; it has lost its lustre, and when viewed with a bright light and
a magnifying glass it shows a blurred “window reflex” and a typical “orange-skinned” surface. The haze gradu-
ally fades off above in the region of the protected part of the cornea where the surface is usually bright and
smooth. The pupil is at first contracted as the result of irritation and congestion. In this drawing it is shown as
artificially dilated by atropine ointment, which should always be used early in severe cases or where there is
much pain and blepharospasm.

Reprinted from An Atlas of Gas Poisoning. 1918: Plate 11a. Handout provided by the American Red Cross to the American
Expeditionary Force.

Fig. 3-22. An extensive mustard burn of the buttocks. This de-
gree of mustard injury, analogous to a second- or third-degree
thermal burn, was unusual. The original description that accom-
panied this drawing, provided to the American Expeditionary
Force by the British (also see Figure 3-21), follows:

The man sat down on ground that was contaminated by the
poison and the vapour passed through his clothing, causing
inflammation of the buttocks and of the scrotum. A diffuse
reddening appeared twenty-four hours after exposure, and this
was followed by an outcrop of superficial blisters. On the
eighth day the erythema began to be replaced by a brown stain-
ing, and the drawing was made on the eleventh day during
this change of tints. Infection of the raw surface was avoided,
and the healing was complete in three weeks.

The blisters in this case were probably aggravated by pressure, for the inflamed skin becomes very fragile, so
that the surface layer is readily loosened by pressure or careless rubbing. The blisters may be very tiny bullae, as
on the eyelids, or they may coalesce into areas many inches across, covering a collection of serous fluid which
perhaps itself contains enough of the irritant substance to injure other skin if it is allowed to flow over it.

The blisters are usually quite superficial and almost painless in their development. But the raw surface that is
left after the blister has burst becomes most acutely sensitive to all forms of mechanical irritation. Deeper de-
struction of the dermis may be caused by spreading necrosis where the substance attacks the skin locally in high
concentration, or when secondary infections are implanted on the raw surface. Chronic and painful sores then
result, and in this event the skin does not regenerate completely, so that thinly covered scars for a long time will
mark the site of the burn.

Reprinted from An Atlas of Gas Poisoning. 1918: Plate 6. Handout provided by the American Red Cross to the Ameri-
can Expeditionary Force.
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Fig. 3-23. The figure legend that was published with this
photograph in the official history of the U.S. Army Medi-
cal Department in World War | reads: “Gross changes in
larynx and trachea of a soldier who died four days after
inhalation of mustard gas.” Purulent secretions in the
smaller bronchi rather than at the glottis caused the res-
piratory failure that lead to the death of this soldier. The
efficacy of tracheal suction in clearing the airway ap-
pears not to have been widely known during World War
I. Reprinted from Weed FM, ed. Medical Aspects of Gas
Warfare. Vol 14. In: Ireland MW, ed. The Medical Depart-
ment of the United States Army in the World War. Wash-
ington, DC: Government Printing Office; 1926: Plate 10.

the conflict, burns were initially treated with grease,
which only enhanced infection. Later, sodium hy-
pochlorite was used as a constantly running solu-
tion, soaking the skin.*

Patients who died from mustard inhalation
had gross destruction of the tracheobronchial
tree (Figure 3-23). In contrast to the pulmonary

agents, mustard produced hemorrhage and alveolar
edema. Mustard-induced lesions were more difficult
to treat than those induced by phosgene or chlorine.

How dangerous were these chemical weapons
as killers? Gas was a major cause of casualties:
it accounted for up to 30% of hospitalized pa-
tients (Figure 3-24). Although gas was a significant
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Fig. 3-24. Hospitalized casualties in World War I, in percentages by causative weapon (database: 224,089 casualties).
Adapted from Gilchrist HL. A Comparative Study of World War Casualties From Gas and Other Weapons. Edgewood
Arsenal, Md: Chemical Warfare School; 1928: Chart 7, page 19.
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TABLE 3-2
CHEMICAL CASUALTIES IN WORLD WAR I

Country Nonfatal Chemical Casualties Chemical Fatalities Percentage Fatal
Germany 191,000 9,000 4.5
France 182,000 8,000 4.2
British Empire 180,597 8,109 4.3
United States 71,345 1,462 2.0
Russia” 419,340 56,000 11.8

*[The data from which Prentiss (and before him, Gilchrist) derived these figures have apparently been lost to history. However, the
Russians themselves analyzed their casualty statistics from World War I. The Narkomzdrav Commission found the figures for
nonfatal and fatal gas casualties to be only about one tenth as great as Prentiss’s values, which are the ones commonly accepted in
the West (total gassed casualties: 40,000-65,000; died of gas: 6,340). Source for these data: Kohn S. The Cost of the War to Russia. New
York, NY: Howard Fertig: 1973: Table 75; page 136; Table 76. Originally published in 1932.—RFB, ed.]

Adapted from Prentiss AM. Chemicals in War: A Treatise on Chemical Warfare. New York, NY: McGraw-Hill; 1937: Table 11,

page 653.

factor in casualty production, it was not especially
lethal. [The AEF incurred 52,842 fatal battle inju-
ries, but only about 1,500 were due to gas®Xrs2d—
RFB, ed.] (Table 3-2).

The Russians suffered out of proportion to the
rest of the belligerents because they were late in
deploying an effective mask. For the United States,
the chemical agents were minor contributors to the
number of soldiers killed in action: only about 200
of the total of more than 70,000 wounded by gas.*
The real problem was the imposition of a major
medical and logistical burden on the army. In the
AEF, for example, gas patients had significant hos-
pitalization periods (Table 3-3), although the great
majority returned to duty. The generally low lethal-
ity and high morbidity rate led a great many people
to see the chemical weapon as holding much prom-
ise for the future of war.

TABLE 3-3

AMERICAN EXPEDITIONARY FORCE:
HOSPITAL DAYS DUE TO CHEMICAL WARFARE

Chemical Average Days
Agent Casualties Hospitalized
Unknown 33,587 373
Chlorine 1,843 60.0
Phosgene 6,834 455
Mustard 27,711 46.0

Adapted from Gilchrist HL. A Comparative Study of World War
Casualties From Gas and Other Weapons. Edgewood Arsenal, Md:
Chemical Warfare School; 1928: Table 7, page 21.

THE INTERWAR YEARS

After World War | ended, work at the Edgewood
medical research laboratories continued. New gas
masks were developed, such as those with high-
eyepoint lenses for use with binoculars, and masks
with speaker diaphragms. As those who have worn
mission-oriented protective posture (MOPP) gear
know, one cannot really be heard through a mask.
Initially, scientists at Edgewood worked on oilcloth-

and-rubber uniforms for mustard protection and
then developed the resin-and-chloramide uniform.
Smoke and gas delivery systems were added to
weapons such as tanks and airplanes. The U.S. mili-
tary paid attention to gas; troops were trained, in
the interwar years, in both simulated and real
chemical environments.?***? In short, we took the
threat of chemical warfare very seriously: research
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and training received considerable attention dur-
ing the interwar years.>%%3

The Army Medical Department made a big in-
vestment in research. In fact, it put more money into
research on the chemical weapon than into anything
else in the interwar period. Colonel Edward Vedder,
Medical Corps, U.S. Army (Figure 3-25), was in
charge of the medical laboratory at Edgewood that
produced new mask canisters that could filter
smoke in addition to the standard respiratory
agents. This development made possible the pro-
tection of American soldiers against respiratory
tract effects of arsenic-based compounds—the most
potent chemical agents of that period. Clinical cases
were studied and animal research was performed
with the agents, as well as experimentation in hu-
mans and attempts at new treatment.

In 1925, Vedder published Medical Aspects
of Chemical Warfare, a superb book that contains
excellent data on the pathology and physiology
of various chemical agents (particularly mustard).
Much of the text is still germane. On the inside front
cover of the book is a picture of a soldier hor-
ribly wounded by shrapnel, yet alive. Vedder
argued that if this is the result of a humane weap-
on, then the chemical weapon, by comparison, must
be much more humane.?® Vedder was not alone
in this view of the relative humanity of chemical
warfare. It was a predominant view of many writ-
ers who analyzed the subject.5®17:21:303341-45 Tha
development of the lethal nerve gases by the Ger-
mans in World War Il, however, has vitiated these
arguments.

In the interwar years, a number of medically
important spin-offs came from the chemical
warfare program. The Americans developed
Lewisite, an arsenical, at the end of World War 1.
It did not turn out to be a particularly effective
agent, although it did lead to the development of
British anti-Lewisite (BAL), which is useful as a
chelating agent in metal poisoning. It was noticed
in soldiers who had been exposed to mustard dur-
ing the war that the white blood count fell. This was
verified in 1919. Dougherty, Goodman, and Gilman
showed in 1942 that the nitrogen mustards could
be useful in the treatment of leukemia and lym-
phoma. This was the beginning of specific chemo-
therapy for cancer.*

Between World War | and World War Il, disar-
mament conferences included discussions of
the prohibition of gas warfare.* Nevertheless,
the chemical weapon continued to be used but
only against colonial native peoples. For example,
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Fig. 3-25. Edward B. Vedder (1878-1952) was director of
pathology at the Army Medical School (now Walter Reed
Army Institute of Research) from 1904 to 1913. It was
during this period that he wrote his seminal book on
beriberi. After serving in the Philippines during World
War I, Colonel Vedder returned to the Army Medical
School in 1919. It was there that he wrote this still-useful
book on chemical casualties. From 1925 to 1929 he was
chief of medical research for the Chemical Warfare Ser-
vice. He had an illustrious civilian academic career fol-
lowing his retirement from the army. Photograph: Cour-
tesy of National Library of Medicine. Bethesda, Md.

in 1920, the British dropped mustard gas bombs
on Afghan tribesmen north of the Khyber Pass.
In 1925, the Spaniards used mustard bombs and
mustard artillery shells against Riff tribes in
Morocco. In 1935, when Mussolini moved from the
Italian colony in Libya to conquer Ethiopia, the
Italian troops were ambushed. Although equip-
ped with modern arms they were heavily outnum-
bered, so Marshall Badoglio, the Italian commander,
used aerial delivery of mustard bombs against
Egyptian troop concentrations and saturat-
ed the ground on his road flanks to interdict the
movement of barefoot Ethiopian troops.**** (A com-
plete list of proven or alleged use of chemical weap-
ons between 1919 and 1970 can be found in A Re-
view of Chemical/Biological Warfare During World
War |_25(pp13—14))
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WORLD WAR 11

When World War Il broke out, there was a gen-
eral expectation and apprehension that the chemi-
cal weapon would be used. The Japanese practiced
civilian operations while wearing masks. British
troops trained with masks in the North African
desert. In London, during the height of the blitz,
schoolchildren were issued masks. German moth-
ers and children had special capes and masks avail-
able. Americans came out with a whole series of
tactical and training masks. Walt Disney designed
a mask with a Mickey Mouse face for American
children, so they would not be frightened by wear-
ing the mask (Figure 3-26). Fortunately, American
children never had to use these masks. By 1942, af-
ter the United States had entered the war, all U.S.
troops trained in masks. Full discussions of the
United States efforts in World War Il are found in
the U.S. Army in World War 1l series published by
the Center of Military History.>>>*

The United States developed a new generation
of protective uniforms, which soldiers carried,

Fig. 3-26. Walt Disney helped design this Mickey Mouse
gas mask for American children. The intention was that
children would not be frightened of the cartoon charac-
ter and would therefore be more willing to wear the
mask. Photograph: Courtesy of Chemical and Biological
Defense Command Historical Research and Response
Team, Aberdeen Proving Ground, Md.

along with their gas masks, on every D day in
Europe. Chemical weapons were indeed used in
World War Il, in the form of smoke and flame.
Smoke was used for screening troops and move-
ment, especially in Europe. Americans in the Pa-
cific used the flame weapon against Japanese caves
and bunkers.

For reasons that historians are still debating, gas
itself was not used. One reason the Germans did
not use it was that they thought the Americans had
developed new, secret nerve gases—comparable to
tabun, sarin, and soman—which the Germans had
developed between 1936 and 1944. The Germans
may have been led to believe this because of the
alleged paucity of reports on insecticide research
published in the open literature in the United States,
and they wrongly deduced that the Americans were
now manufacturing nerve gas. In reality, however,
there was no industrial base in place ready to pro-
duce nerve agents in large quantities®®>—because
neither the British nor the Americans had discov-
ered nerve agents.

Other historians have argued that because
Adolph Hitler had been a gas casualty in World War
I, he was personally opposed to the use of gas weap-
ons in World War Il. Similarly, many senior officers
on the Allied side in World War Il had faced gas
as junior officers in World War | and were highly
resistant to its use in World War II. It was official
U.S. policy that the United States would not use
chemical warfare first but would retaliate if it were
used against us or our allies. Thus, the United States
was prepared to retaliate. It was in part because
of this preparation that American and British
troops had the only military gas casualties in World
War Il.

In 1943, Bari, a city on the Achilles tendon of Italy,
was a major supply port for the British Eighth Army
fighting in Italy. The SS John Harvey, an American
ship in harbor, carried a highly classified load of
2,000 100-Ib mustard bombs. When the Germans hit
Bari harbor in a surprise raid they got 17 ships (Fig-
ure 3-27); among them was the John Harvey. Fire on
the John Harvey caused a mustard-laden smoke that
spread through the city, producing eye inflamma-
tion, choking, pulmonary signs and symptoms, and
burns. No one really knows the extent of the civil-
ian casualties; however, by the 9th day after the
bombing, 59 military deaths had been recorded.
Shortly after the bombing, Lieutenant Colonel
Stewart Alexander of the U.S. Army Medical Corps,
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Figure 3-27 is not shown because the copyright permission granted to the Borden Institute, TMM,
does not allow the Borden Institute to grant permission to other users and/or does not include usage in
electronic media. The current user must apply to the publisher named in the figure legend for permis-
sion to use this illustration in any type of publication media.

Fig. 3-27. The Bari mustard disaster, caused by a German air attack the night of 2 December 1943, resulted from the
need to have chemical munitions deployed in the combat zone. The presence of those weapons was necessary to
make possible an immediate retaliation should the enemy choose to initiate a chemical attack. However, the deploy-
ment of those munitions was kept secret so as not to give the enemy any justification for launching a preemptive
chemical attack. Although the merchant ship carrying the mustard bombs, the SS John Harvey, had been docked at
Bari for several days, the ship was not unloaded because the appropriate authorities did not know of the highly
dangerous nature of its cargo. No photograph exists showing the John Harvey after the German attack; the ship was
completely destroyed by the explosion of the conventional munitions that it was also carrying. Instead, this photo-
graph shows the Bari harbor some hours after the attack. Reprinted with permission from Popperfoto. Northampton,

England.

the chemical warfare consultant on General
Eisenhower’s staff, was sent to Bari, where he made
the diagnosis of mustard poisoning. He reported
617 cases in troops and merchant marine seamen,
with a 14% fatality rate. This fatality rate, 3-fold
higher that of World War |, was largely because the
merchant marine seamen had been thrown into the

sea, where they either got badly burned or swal-
lowed mustard in the water.**%

Lethal gases—pesticides, prussic acid, and cya-
nide, as well as carbon monoxide—were used as
killing agents in gas chambers in the Nazi death
camps.” This is obviously not a military use of the
chemical weapon.

THE POSTWAR YEARS: 1945 TO THE PRESENT

Chemical agents have been used in warfare since
World War Il. There is a suggestion that they were
considered for employment in Korea in 1950.% In
1963, the Egyptians used mustard bombs against
the Yemen royalists in the Arabian peninsula. The
United States used chemical defoliants in Vietnam
for canopy clearing and crop destruction, and used
tear gas for clearing tunnels and bunkers (Figure 3-
28).%° The Soviets used chemical warfare agents in
Afghanistan, probably mustard and a nerve agent.®
However, the discovery that Iraq had used chemical
agents (mustard and perhaps nerve gas) in its war
with Iran shocked the public in the western democ-
racies in the 1980s.% Iraqgi use of hydrogen cyanide
and possibly a nerve gas against its own Kurdish
population in 1988 was universally condemned. %2

In the United States, the congress has debated
the chemical agent issue over several years, with
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much of the debate focused on the morality of the
weapon.®® Congress decided in 1988 to approve
the production of the binary nerve gas weapon, in-
fluenced then by increasing evidence that chemical
weapons were in hand and appeared to be increas-
ing in the arsenals of nonfriendly nations (see Ex-
hibit 4-1 in Chapter 4, Medical Implications of the
Chemical Warfare Threat).®® The accuracy of such in-
formation can clearly be challenged, and the lists
themselves vary from publication to publication.®-¢
Nonetheless, interest began to increase in a new
United Nations treaty to ban chemical weapons.®™
In September 1996, the U.S. Senate considered the
new treaty, which called for banning production of
chemical weapons and for an inspection program.
General John M. Shalikashvilli, Chairman of the Joint
Chiefs of Staff, urged ratification. Public debate var-
ied widely.” " The U.S. Senate initially rejected the
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Fig. 3-28. Tear gas was used extensively by U.S. forces in
the Vietnam War, especially in clearing enemy tunnel
complexes. The U.S. government, however, did not con-
sider tear gas to be a chemical weapon and therefore did
not consider its use to be banned by international law.
Many others outside of government disagreed, using as
evidence the fact that those who used tear gas wore pro-
tective masks. The soldiers shown here are wearing the
little-known M28 protective mask. This lightweight (and
perhaps more comfortable) mask was designed to be
worn in situations in which the threat was not from nerve
agents, and the heavy-duty protection offered by the stan-
dard masks was not necessary. Photograph: Chemical and
Biological Defense Command Historical Research and Re-
sponse Team, Aberdeen Proving Ground, Md.

treaty,™ but it has since been approved, not only by
the U.S. Senate (24 April 1997), but also by the 65
member nations of the United Nations required for
its enactment and enforcement.”™

Historical Aspects of Medical Defense Against Chemical Warfare

While it is true that there are residual effects—
physical, physiological, and psychological—after
every American war,” the chemical weapon has
aroused persistent public interest, veterans com-
plaints, and charges of medical indifference, cover-
up, and incompetence. After World War |, the issue
was tuberculosis caused by pulmonary agents.”
After World War I, there was the delayed discov-
ery of cancer and cataracts in enlisted men who had
been test subjects for chemical exposures.” After the
Vietnam War, the herbicide Agent Orange (specifi-
cally its dioxin component) had been the assigned
cause for a number of compensable diseases.” And,
as of this writing (January 1997), some veterans of
the Persian Gulf War have an unexplained Gulf War
“syndrome,” with low-dose exposure to chemical
agents being suggested as a possible cause.®

It is obvious that use of the chemical weapon re-
mains possible. This textbook documents this con-
cern on the part of the U.S. Army Medical Depart-
ment. | therefore believe that it is the responsibility of
the U.S. military medical community to prepare to
operate in a chemical environment. Fighting a chemi-
cal war will markedly hinder our medical, tactical,
and operational capacity (problems well discussed
in this textbook), and cause long-term postexposure
residual effects. Thus, students of this topic may still
find relevance in the words that Sir Charles Bell (who
was a surgeon at Waterloo in 1815) wrote in 1812:

When the drum beats to quarters there is now a
time of fearful expectation, and it is now the sur-
geon feels how much the nature of the wounds of
those who may be brought to him ought to have
occupied his mind in previous study.®

It is that “previous study” that is the purpose of
this book: to educate our military and civilian medi-
cal communities about chemical warfare and their
consequent medical responsibilities.

SUMMARY

The chemical weapon has a long and ancient his-
tory, especially in its presentation as flame and
smoke. Modern chemistry made possible the use
of chemical agents in a logistically and tactically
feasible way in World War I. Most of what was
known—and is still understood by the public—is
based on the gas warfare of 1915-1918. Since then,
“poison gas” has usually aroused public repug-
nance at its use as a weapon. Modest use in the 1930s
against tribes and its lack of employment in World
War 1l suggested that “gas warfare” had ended. The

discovery of the German nerve gases after World
War Il, the Cold War, and the utility of tear gas in
Vietnam maintained a military interest in the chemi-
cal weapon.

The use of gas by Iraq against Iranian troops and
the threat of Iraqi use in the Persian Gulf War clearly
document that chemical warfare remains possible.

(This chapter was based on Dr. Joy’s lecture, “Historical
Aspects of Medical Defense Against Chemical Warfare.” The
figure legends were provided by the textbook editors.)
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INTRODUCTION

Some military medical personnel view the spec-
ter of chemical warfare with fear and repugnance.
The images of clouds of poisonous chemicals; con-
taminated terrain and equipment; and the need to
work in protective masks and hot, cumbersome
overgarments are intimidating even to well-trained
soldiers. But for medical personnel there is an added
factor: the fear of the unknown. The milieu of the
chemical battlefield is especially alien since little in
the normal professional practice of most military
medical personnel has any resemblance to the man-
agement of casualties of chemical warfare.

Although military strategists might view chemi-
cal warfare agents as simply one of the means to
immobilize or destroy an enemy force, others may
view such weapons as abhorrent extensions of con-
ventional warfare. Be that as it may, it is not the
intent of this chapter to justify the use of chemical
weapons in battle but rather to relate the use of
chemical warfare to health issues. Although current
policy of the United States government prohibits
using chemical weapons against an adversary, this
policy is not shared by all nations; therefore, to be
effective, military medical personnel must be
knowledgeable and trained.

To the military healthcare provider, chemical
warfare crosses over the lines of strategic and tacti-
cal purposes, where victory may be viewed as full
justification of

= the means;

= the difficult challenges associated with the
identification, treatment, and prevention of
specific injuries and illnesses in a deliber-
ately contaminated and highly stressful en-
vironment;

= the psychologically demoralizing effect that
chemical weapons may cause; and

= the personal ethical concerns that many
medics may have about suffering resulting
from the deliberate use of weapons specifi-
cally targeted to the human element.

Although healthcare providers are usually not
involved in the political or military decisions sur-
rounding use of chemical weapons, they must be

« prepared to deal with the military and ci-

vilian casualties resulting from use of such
agents;
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= cognizant of what constitutes a chemical
threat and the military tactics that could be
employed against the force, since they may
be called on to render advice to their com-
manders from an individual and public
health perspective;

= familiar with the acute and chronic medi-
cal effects of chemical agents in order to
plan appropriate medical support; and

= fully knowledgeable of the diagnostic tools
available to identify specific etiologic
agents to which their patients may have
been exposed and the most effective meth-
ods of intervention and prevention.

The “chemical threat” can be defined as a state-
ment of the who, what, when, where, and how of
chemical warfare. The threat may involve single or
multiple chemical agents—not only the classic
chemical agents specifically developed for mili-
tary applications (ie, chemicals that had been
weaponized by the 1950s), but also highly toxic in-
dustrial compounds that could achieve the same
objective. Military medical care providers need to
be well-informed of the current chemical warfare
threat in environments in which they may be called
to serve. They should also be familiar with socio-
logical and psychological factors motivating the use
of such weapons in a battlefield or terrorist scenario.

Chemical warfare agents do not need to be le-
thal to be disruptive. It is not difficult to envision a
scenario where medical practitioners may be the
first to observe and recognize the effects of chemi-
cal exposure—in the absence of warnings from the
intelligence community. Few physical indicators of
chemical attack may be evident, other than the ini-
tial observation of unusual signs and symptoms.
This scenario could occur when new agents, for
which there may be no environmental monitoring,
are used. An increased incidence of symptoms con-
sistent with nerve, vesicant, blood, or respiratory
agent exposure should raise immediate suspicion
of poisoning, even among presumably protected
troops. The possibility of combined use of chemi-
cal and biological warfare agents should also be
considered.

Offensive use of chemical agents continues to be
attractive to some nations, for chemical agents can
be dispersed over large areas and can eventually
penetrate even the most well-defended positions.
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They can be employed against specific targets, in-
cluding headquarters control centers and, depend-
ing on the agent or combination of agents used, the
effects can be immediate or delayed incapacitation,
disorientation, or death. The psychological impact
is ever-present, even among well-seasoned and
-trained troops equipped with full barrier protec-
tion. Many of the more common classic chemical
agents—which are generally believed favored by
possessor states—can be produced inexpensively
and quietly, and they can be stored indefinitely.
Their minimal cost has earned chemical warfare
agents the appellation “the poor man’s atomic
bomb.”

Although treaties dealing with control or elimi-
nation or both of classic chemical weapons may

reduce the danger that chemical warfare agents
will ever be used, difficulties in verification and
in controlling the manufacturing, acquisition, and
storage of precursor chemicals make chemical
war a continuing concern for the U.S. government.
Chemical proliferation has not decreased. Saddam
Hussein’s use of chemical warfare against the Kurds
in 1988 demonstrates how readily such weapons
can be used, even within the confines of one’s
own country. The 1994 and 1995 incidents involv-
ing the Aum Shinrikyo cult’s use of sarin (ie, the
nerve gas GB) to cause fatalities and disruption in
Matsumoto and in the Tokyo subway system dem-
onstrate how easily a terrorist organization
can quietly produce and use a classic chemical
warfare agent.

THE CHEMICAL THREAT AND ENEMY CAPABILITY

The term “chemical threat” centers on enemy ca-
pability. The term capability encompasses*

= the availability and supply of specific
agents;

= the delivery system or systems that would
be used in different battle situations;

= the facilities to produce these agents and
munitions;

= plans and procedures for the employment
of such weapons, including training for the
delivery and handling of such weapons;

= protection of a nation’s own forces against
specific agents; and

= the national will to use such weapons.

Although international disapproval may discour-
age a country from using chemical agents, the ag-
gressor nation may finally decide that protecting its
national interests and survivability is more important.

An active research and development program on
agents and delivery mechanisms supports the no-
tion of operational use. Chemical warfare munitions
are particularly important, for weapon systems
must deliver agent to the target and distribute that
agent with maximal effective contact. Successful
chemical warfare munition use must also be com-
bined with meteorological assessment capabilities.
For example, sarin, a highly volatile agent with little
persistence on the ground, must be delivered un-
der specific environmental conditions and in a
timely manner that would allow greatest human
contact for optimal effectiveness. Ideal conditions
and carefully developed delivery systems are not

always necessary, however: Iraq simply pushed
containers of chemicals out of aircraft during the
Iran-Irag War.

Ordinarily, an enemy with chemical warfare ca-
pability will be well equipped for chemical warfare
protection; they will have defined procedures on
decontamination, individual and equipment protec-
tion, and detection and surveillance. Since chemi-
cal warfare agents are nonselective in their human
targets and dangerous for the user as well as the
enemy, they require that offensive and defensive
programs be developed simultaneously. Special
military teams (eg, logistical, medical, and chemi-
cal corps teams trained to operate in a chemical
environment) and the ability to monitor meteoro-
logical conditions are characteristic of nations with
offensive or defensive programs or both. In the as-
sessment of enemy capability, chemical stockpiles,
production capacities, and the control of use are
evaluated when an offensive or a defensive posture
is being determined. This is not easily accom-
plished, since industrial plants that are manufac-
turing products with peaceful applications may be
capable of having their manufacturing processes
redirected toward chemical agent production.

In a changing world, where the traditional East—
West conflict has subsided in the face of steadily
increased chemical agent proliferation among many
Third World nations, the chemical threat appears
to be increasing from smaller nations or political
splinter groups with little or no sophisticated
chemical warfare industrial capability. Hence we
must be prepared for chemical agent attack from
terrorist elements, and for crude delivery systems
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as well as highly developed offensive chemical
warfare operations. Political instabilities and
changes toward radicalism only heighten the dan-
gers and concerns that defensive programs can be
converted to offensive efforts, and, although clas-

sic chemical warfare agents are harder to produce
and stockpile in large quantities without being no-
ticed, small amounts of some older agents can be
manufactured in relatively crude laboratories and
used to create disruption.

THE STATUS OF CHEMICAL PROLIFERATION

Until 1987, when the Soviet Union admitted for
the first time that it possessed an offensive chemi-
cal warfare capability, the United States was the
only publicly declared state capable of conducting
chemical warfare. In July 1988, long after a United
Nations commission had confirmed Iraqi use of
chemical agents (mustard and nerve agent) against
Iran (a flagrant violation of the 1925 Geneva Proto-
col, which Irag had signed in 1931), Iraq also de-
clared an offensive capability. Apart from the three
nations mentioned, estimates of countries that pos-
sess chemical agents, and the nature of the agents
they possess, must rely on sources other than offi-
cial statements. Given this, it is not surprising that
published lists of states with chemical warfare ca-
pability have varied widely. However, a key trend
in chemical warfare capability over the past 20 years
is evident: an increasing number of states are likely
to possess such weapons.

Chemical Warfare Capabilities of Nations

The magnitude of world interest in offensive
chemical warfare capability was made evident dur-
ing an open hearing of the U.S. Senate Committee
on Governmental Affairs on 9 February 1989, when
William H. Webster, former Director of Central In-
telligence, presented a list of weapon states. The
confirmed chemical weapon possessor states were
the United States, the Soviet Union, Iraq, and Iran.
France has subsequently declared a chemical war-
fare capability, bringing the number of possessor
nations to five. Countries currently suspected of
possessing chemical weapons or in the process of
acquiring them are identified in Exhibit 4-1. Sev-
eral other nations are being closely monitored for
signs of an acquisition program.*

An article in the March 15, 1991, issue of The
Washington Post? described the latest annual report
of the Office of Naval Intelligence, listing 14 nations
with “an offensive chemical-warfare capability”; the
list included Egypt, Israel, Pakistan, and South Ko-
rea, 4 nations that receive large quantities of mili-
tary aid from the United States. Four additional
nations (Saudi Arabia, Indonesia, South Africa, and
Thailand) were purported to possibly possess such
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a capability, and then more nations were believed
to be in the process of developing or seeking to de-
velop chemical weapons. Interestingly, this list con-
flicts with a U.S. Department of Commerce list that
does not list the strong trade partners of South Ko-
rea, Indonesia, and Thailand as having definite of-
fensive capability. In a 1993 U.S. House of Repre-
sentatives Committee on Armed Services report, 31
nations were mentioned as possessing or having the
ability to develop offensive chemical weapons.®

Offensive chemical warfare capabilities depend
on such factors as chemical agent quantities, types
of agents weaponized, modes of delivery, doctrine
for use, means of self-protection, and other consid-
erations that together characterize the total threat
posed by a chemical warfare—-capable state. Such
detailed analysis of the threat posed by each pos-
sessor state is beyond the scope of this chapter, and
interested readers should review classified and
unclassified sources for each nation.

A general idea of the classic agents was provided
by the Soviets when chemical armaments were dis-
played for the first time to Western visitors in 1987,
and later by Irag when its arsenal was inspected.
The Soviets showed a wide variety of chemical
weapons delivery systems that could carry blister-
ing agents (mustard and Lewisite), nerve agents
(soman, sarin, and VX) or the riot control agent CS
(2-chlorobenzalmalononitrile). Some of these agents
were thickened to increase battlefield deposition and
persistence (see Military Chemical Agents, below).

United Nations weapons inspectors, on gaining
access to Irag’s arsenal in 1991, found primarily
sulfur mustard, sarin (and a sarin analog, GF), and
another nerve agent, tabun.* The Iraqi chemical
warfare development program was well developed,
and included experimentation with VX. Far beyond
pushing barrels out of helicopters, the sophisticated
Iragi chemical weapons delivery systems now in-
cluded aerial bombs, artillery rockets, artillery
shells, cluster bombs, and mortars. Seventy-five
chemical warfare ballistic missile warheads were
also discovered, filled with sarin/GF mixtures or
binary nerve agent (in binary systems, two indi-
vidually less-toxic reagents are mixed in the weapon
at the time of use to form the agent).



The Chemical Warfare Threat and the Military Healthcare Provider

EXHIBIT 4-1
CHEMICAL WARFARE CAPABILITIES OF NATIONS

Exhibit 4-1 is not shown because the copyright [permission granted to the Borden Institute, TMM, does
not allow the Borden Institute to grant permission tp other users and/or does not include usage in electronic
media. The current user must apply to the publish¢r named in the figure legend for permission to use this
illustration in any type of publication media.

Adapted with permission from Burck G, Flowertree CC. International Handbook on Chemical Weapons Proliferation. New York]

NY: Greenwood Press; 1991: 164-165.

Prior to its destruction, Iraq’s primary chemical
warfare agent production facility at Al Muthanna,
Irag, produced thousands of tons of agent. The
complex included well-built, underground, bunker-
type complexes, billed as sites for pilot plants
for pesticide production but apparently capable
of VX production. Another facility served as an
inhalation chamber for making lethality estima-
tions. Two other sites were built at Fallujah, Iraq,
to make chemical precursors for use at the Al
Muthanna plant, although one of the Fallujah
plants, while containing stored agent precurs-
ors (for VX, GB, and HD [mustard]), was adapted
for malathion pesticide formulation. These
examples illustrate why it can be difficult, with
limited inspections or information from open
declarations, to distinguish facilities designed for
the chemical industry from those for munitions
generation.

These chemical manufacturing facilities are only
part of Irag’s chemical warfare capability. Iraq, like
Libya, also invested heavily in the development of

facilities for the production of indigenously gener-
ated delivery components.

The current development of offensive chemical
warfare capabilities varies among the possessor
states and is now particularly dynamic. First, the
United States and Russia, which has inherited the
chemical weapons arsenals of the Soviet Union,
have embarked on a program to radically reduce
the chemical agent stocks held by both sides by the
late 1990s. Second, in January 1992, some 125 na-
tions signed a treaty, formulated over 24 years, at
the Chemical Weapons Convention in France, call-
ing for the prohibition of the production, storage,
use, and transfer of chemical weapons; and for the
elimination of chemical warfare arms and produc-
tion facilities.® By January 1993, 130 nations had
signed the treaty, and more are expected to follow.

During the 1980s, some nations vastly increased
their development of offensive chemical capabili-
ties, particularly in the Middle East, where chemi-
cal warfare capability substitutes in some respects
for a nuclear weapons capability. A rapid transition
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from nascent development programs to full
weaponization occurred in Iraq, Syria, and Libya,
and Iraq unleashed chemical weapons against Iran
in 1984. Iragi use of mustard and nerve agents con-
stituted the first full-scale use of chemical weap-
ons in battle since World War I.

The effective elimination of the Warsaw Pact and
the dissolution of the Soviet Union have greatly
diminished and reconfigured the overall chemical
threat from that part of the world. The exportation
of Soviet technology has been a continuing process,
and it is likely that the chemical weaponry and tech-
nological know-how was well disseminated to de-
veloping nations. The Russians have declared a
chemical agent stockpile of about 40,000 tons
(higher than the 30,000 of the United States).®” As
of 1996, it appears that all of the former Soviet
Union’s chemical weapons containers and munition
components are maintained at seven sites in Rus-
sia. As is done in the United States, most of the agent
is primarily stored in nonweaponized containers;
the weaponizable portion appears to consist entirely
of soman- and VX-like nerve agents, sulfur mus-
tard, and Lewisite. Mixed preparations are common
in the arsenal. With all chemical warfare agents
under a single central control, the possibility of
unauthorized weapons proliferation by former So-
viet border nations, several of which are politically
unstable, should be greatly diminished, although
the possibility of chemical weapons proliferation
through theft under a climate of economic turmoil
remains real. Uncertainties regarding dispersal, and
management procedures concerning that stockpile,
suggest that some chemical weapons could be lost
while awaiting destruction.®

The Soviet military appeared to have invested
considerable effort toward the development of
forces capable of operating in a chemical warfare
environment.® According to the U.S. Defense Intel-
ligence Agency, Soviet facilities associated with the
production, testing, and storage of chemical or bio-
logical agents or both continued to expand through
1987.%° Today, a variety of chemical warfare deliv-
ery systems are available to Russian military forces,
including artillery, bombs, free rockets, ballistic
missiles, and cruise missiles.

The origin and nature of the overall chemical
agent exposure threat to U.S. troops changed con-
siderably during the 1980s. Although the threat of
chemical warfare confrontation with former War-
saw Pact nations appears eliminated, the prolifera-
tion and use of chemical warfare agents within un-
stable sectors of the Third World has raised great
concern regarding the potential for future use of
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chemical warfare agents both with respect to open
conflicts and to terrorist activities. For Third World
nations, chemical weapons are less expensive and
easier to acquire, and are a more credible threat than
nuclear weapons. The adaptation and incorporation
of chemical agent—containing munitions to conven-
tional or missile delivery systems can give a weaker
nation a military threat with which to counterbal-
ance that of neighbors that possess a greater con-
ventional capability.

Nations may initially acquire a limited chemical
warfare capability through the transfer or purchase
of bombs or artillery-compatible chemical warfare
shells. In some cases, unweaponized agent may
have been transferred.! Alternatively, nations may
invest in the development of chemical industries
that involve the manufacture or acquisition of
chemical precursors or intermediates. In this way,
wealthier nations (eg, Iraq, Libya) or those under a
strong, perceived threat (eg, Syria) may increase
their chemical warfare potential by acquiring the
technology and facilities to synthesize agents and
incorporate them into munitions that are compat-
ible with existing or newly acquired delivery sys-
tems. Industrial compounds such as organophos-
phates (pesticides), phosgene, chlorine, and cyanide
are not difficult to obtain.

Economic factors such as wealth, profit incen-
tives, international debt, and isolation can contrib-
ute to the proliferation of chemical warfare capabili-
ties. For example, oil-rich nations ruled by dictators
(eg, Libya, Iraq) have been able to use their profits to
acquire expensive delivery systems such as ballistic
missiles and long-range bombers, along with asso-
ciated support aircraft.’*®> When shunned by ma-
jor arms-systems producers such as the United
States, Britain, France, and Russia, the oil-rich na-
tions have approached other Western sources or
those in less-developed nations, some of them
deeply in need of foreign capital, such as Brazil,
Chile, Argentina, Yugoslavia, Israel, Egypt, North
Korea, or the People’s Republic of China.'**

Inevitably, there is a trickle-down effect in the
arms world, as aging munitions and weapons sys-
tems are replaced and move from the major weap-
ons producers to their Third World client states, and
from the latter to other nations. For example, the
Soviet Union probably supplied a chemical warfare
capability to Egypt,* which, in turn, first supplied
Syria,*” which, in turn, supplied Iran.® It should be
noted that some weapons systems, especially from
the former Eastern Bloc countries, were designed
to operate in a chemical warfare theater.® As noted
earlier, a defensive capability is generally held to
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be prerequisite to an effective offensive chemical
warfare capability.

The profit motive has driven many private in-
dustries to supply Iraq and Libya with technology,
infrastructure, and chemical precursors for the syn-
thesis of nerve and blister agents in large volume,
and the manufacture of artillery shells and bombs
required for their delivery. Until recently, West Ger-
man government export control was minimal, re-
sulting in the involvement of some 86 German firms
in Irag’s development of chemical and nuclear
weapon capabilities and ballistic missile design. A
considerable number of companies in Austria, Brit-
ain, France, Italy, Switzerland, and the United States
were also involved in these efforts. Products in-
cluded chemical agent production plants and pre-
cursor compounds, computer systems, machine
tools, casting and milling technology and facilities,
weapon and ammunition production facilities, mis-
sile technology and “super gun” components.* Com-
mercial dissemination of chemical warfare capabili-
ties will be a continuing problem in the years ahead.

International Agreements and Verification

Despite such uncertainties, a chemical weapons
reduction agreement” was reached in 1990 between
the United States and the Soviet Union that will (1)
effectively stop chemical weapon production and
(2) reduce each nation’s chemical agent stocks to a
value of 5,000 metric tons by the year 1999 (by the
end of the year 2002, this number will fall to 500
tons). Destruction of the remainder is contingent on
a commitment for similar, total chemical warfare
stock elimination by other chemical warfare-ca-
pable nations.'®®

On May 13, 1991, U.S. President George Bush
further advanced his 1989 plan before the United
Nations to destroy 98% of the U.S. stockpile in the
first 8 years under a new, proposed treaty. Under
its conditions, he pledged (1) to destroy all U.S.
chemical weapons within 10 years and (2) never to
use chemical weapons again.?® (However, antici-
pated difficulties in chemical weapon demilitariza-
tion and destruction may prolong the presence of
chemical weapon depots.) This message sent a clear
challenge to other powers to eliminate chemical
weapons. The United States ratified the treaty on
24 April 1997, which was a few days before the
treaty went into effect. Although signed by nearly
160 nations, it must still be ratified by most of those
nations. The treaty still leaves in doubt the devel-
opment and use of chemical warfare agents by de-
veloping nations or nonsigners of such agreements

(most notably Libya, Iraq, and North Korea).
Chemical warfare treaty ratification by nations such
as Iran, given the behavior of its neighbor, Iraq, may
prove to be understandably difficult in the short term.

Reluctance by possessor states to employ chemi-
cal weapons, which could be termed “the chemical
warfare threshold,” has seemed to be relatively high
since World War |. However, the Iraqi precedent,
the ineffective world response to Irag’s use of
chemical warfare, and the perceived effectiveness
of this use all suggest that the chemical warfare
threshold has been substantially lowered. The
growing list of states motivated, for reasons of of-
fense or deterrence, to develop relatively low-tech-
nology, low-cost weapons of mass destruction
greatly increases the likelihood that military per-
sonnel will have to contend with casualties of
chemical warfare.

Finally, the problem of verification of treaty com-
pliance continues to be difficult even with on-site
inspections. The former Director of Central Intelli-
gence, William H. Webster, stated on 15 October 1988:

After all, any country with a petrochemical, pesti-
cide, fertilizer, or pharmaceutical industry has the
potential in terms of equipment, raw materials
warfare, and technical expertise to produce some
chemical agents. Without direct access to such fa-
cilities, it is nearly impossible to know whether
activities being undertaken are of a commercial or
a military nature 29

This concern was reiterated in congressional testi-
mony following the Persian Gulf War.*®

Terrorism

Finally, no threat assessment would be complete
without addressing the terrorist dimension. Terror-
ism may derive from clandestine, state-directed ini-
tiatives? or, more commonly, from small splinter
groups with special interests or agendas. Groups
with training and financial backing need only to set
up small laboratories to make chemical or biologi-
cal warfare agents. For example, while investigat-
ing Red Army faction activities in 1980, French
police uncovered in an apartment a clandestine
laboratory capable of producing botulinum toxin.*
This suggests that state-sponsored terrorism could
serve as a conduit for the testing of the products of
rapidly emerging biotechnology techniques. It also
places healthcare providers in a position in which
they may be the first to encounter and evaluate the
dangers of new and emerging threats. Also notable
is the successful manufacture of a military nerve
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agent by able university students recruited by Aum
Shinrikyo. Psychological manipulation and reli-
gious zeal were combined to support the terrorist
actions of this organization, which was well funded
by its members.

Chemical and pharmaceutical industries con-
tinue to spread around the world, providing
unsponsored terrorist groups access to precursors
and chemicals. Compounds such as chlorine, phos-
gene, and cyanide are commonplace, and theft of
such materials has been reported.*

In addition to terrorist actions, accidents will
occur as manufacturing with potent industrial
chemicals becomes widespread. Although indus-
trial compounds are not traditionally classified as
chemical agents, they are lethal and potent (eg, the
disaster in Bhopal, India, which is discussed later
in this chapter). Poor economic conditions may
also promote theft of agents and their chemical
precursors and illegal transfer of weapons—not
only by international brokers but also by industrial
workers.

MILITARY CHEMICAL AGENTS

Military chemical agents are characterized ac-
cording to several features. Among them are
the nature of their use, their persistency in the
field, and their physiological action. Toxic chemi-
cal warfare agents are capable of producing inca-
pacitation, serious injury, and death. These agents
are further characterized by their physiological ac-
tion and are discussed in detail in their individual
chapters. Table 4-1 lists the major chemical warfare
agents.

Nerve agents such as tabun (GA), sarin (GB),
soman (GD), and VX inhibit acetylcholinesterase
enzyme throughout the body, notably in the ner-
vous system. This causes hyperactivation of cho-
linergic pathways, causing convulsive seizures and
respiratory failure. VX differs from its “G” agent
counterparts in its low volatility.

Vesicants, such as sulfur mustard (HD) and the
arsenical Lewisite (L), cause irritation and vesica-
tion of the skin and mucous membranes, notably
of the lungs. Mustard exposure to the skin is insidi-
ous, causing no immediate discernible effects to the
skin for several hours; blistering occurs 12 to 24
hours after exposure.” Although mustard causes
few deaths, its vesicating properties are incapaci-
tating, and casualties require 1 to 4 months of hos-
pitalization. Lewisite blisters heal within several
weeks.

Pulmonary toxicants, such as phosgene (CG)
and diphosgene (DP), injure the respiratory tract,
causing suffocation. Phosgene intoxication rapid-
ly leads to pulmonary edema. The initial effects
of eye exposure resemble those of tear gas; se-
vere pulmonary edema follows in about 4 hours,
eventually leading to death. It is notable that both
phosgene and elemental chlorine (an immediate
phosgene precursor), which can cause pulmonary
edema and hemorrhaging, are industrial com-
pounds.
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Finally, cyanides such as hydrogen cyanide (AC)
and cyanogen chloride (CK) both release cyanide
ions in the body. Lower doses cause headaches,
weakness, disorientation, and nausea; higher doses
cause circulatory effects, seizures, and respiratory
and cardiac failure. While often attributed to its
blockade of energy metabolism, the mechanisms of
cyanide intoxication remain unclear and may in-
clude cellular targets more sensitive to inhibition
than cytochrome oxidase.

The most common agents in modern arsenals are
vesicants and nerve agents. Cyanides and pulmo-
nary toxicants are thought to be represented in some
stockpiles, but are typically less toxic and more dif-
ficult to employ because of their physical charac-
teristics. Some cyanides and pulmonary toxicants
have specific characteristics that make them appro-
priate for military use, such as rapid rate of action,
very low persistency, and the ability to penetrate
or damage protective equipment.

Other chemicals present in military arsenals in-
clude incapacitating agents, which produce physi-
ological or mental effects, or both, rendering indi-
viduals incapable of performing their assigned
duties. Recovery may take several hours to several
days, although intensive medical treatment may not
be required. Riot control agents produce intense
effects, such as irritation of the skin, eyes, and respi-
ratory tract, but recovery is normally rapid when ex-
posure is terminated. Unfortunately, little is known
about the long-term effects of many of these agents,
and this is an area of increasing medical concern.

Chemical smoke agents are used to obscure ob-
jects or areas from observation or from engagement
by weapons with electro-optical control systems.
They are usually not toxic in field concentrations,
but may cause eye or respiratory irritation in higher
concentrations. Some smokes have adverse chronic
exposure effects. Other compounds with military
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CHEMICAL WARFARE AGENTS
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U.S. Army Code

Agent

Cyanides

AC
CK

Nerve Agents

GA (Tabun)
GB (Sarin)
GD (Soman)
GF

VX

Lung Toxicants
CG (Phosgene)
DP (Diphosgene)
Vesicants
HD (Mustard)
L (Lewisite)
HL

Hydrogen cyanide
Cyanogen chloride

Ethyl N,N-dimethyl-phosphoramidocyanidate
Isopropyl-methylphosphonofluoridate

1,2,2-Trimethylpropyl methylphosphonofluoridate
Cyclohexyl-methylphosphonofluoridate

o-Ethyl S-[2-(diisopropylamino)ethyl] methylphosphonothiolate

Carbonyl chloride
Trichloromethyl chloroformate

bis-2-Chloroethyl sulfide
2-Chlorovinyl dichloroarsine
Mustard-Lewisite mixture

Incapacitating Agent

BZ 3-Quinuclidinyl benzilate (QNB)
Tear Gases

CN 2-Chloro-1-phenylethanone

CS 2-Chlorobenzalmalononitrile
Vomiting Gas

DM (Adamsite) 10-Chloro-5,10-dihydrophenarsazine

applications include agents used in flame warfare,
such as thickeners for napalm and incendiary ma-
terials, and herbicides (defoliants).

Thus far, discussion has centered on chemical
compounds with a military application. Other
highly toxic industrial chemicals also pose a poten-
tial risk to the military. The disaster in Bhopal, In-
dia, in December 1984, when an estimated 8,000 per-
sons died and another 30,000 were injured from
breathing methylisocyanate and chlorine released
in an industrial accident, is just one of many ex-
amples of the devastating effect of poisonous
gases.”

Chlorine and phosgene are industrial com-
pounds that have been and could again be used as
military weapons by an enemy with access to such
materials, and medical personnel should also be
prepared for such emergencies should military mis-
sions be in close proximity to industrial plants. The
first large-scale use of a chemical compound in
Ypres, Belgium, on 22 April 1915, the beginning of
chemical warfare as we know it today, involved the
dispersal of 180 tons of chlorine from over 5,700 can-
isters by the German forces. During that war, the
list of chemical agents was expanded to include
mustard, phosgene, adamsite, and cyanide.
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TACTICAL AND STRATEGIC USE OF CHEMICAL WEAPONS

Delivery of chemical agents can be accomplished
by a full range of weaponry. Liquid agents may be
dispensed from land mines and spray tanks to ar-
tillery projectiles, aerial bombs, rocket and missile
warheads, or even cruise missiles. This means that
all battlefield areas, from front lines to rear reserves,
are vulnerable to chemical warfare attack, and that
medical practitioners should be fully prepared to
treat chemical warfare casualties from a variety of
locations. It is also important to note that, while this
section largely focuses on the use of chemical war-
fare agents on the battlefield, medical personnel
must also be prepared for the possibility of isolated
and spontaneous chemical attacks on both military
personnel and civilians in areas subject to low-in-
tensity conflict and isolated acts of terrorism.

To be effective, chemical agents must be effi-
ciently dispersed over their intended targets. Most
applications call for large-scale agent distribution
over large target areas that are occupied by, or may
be of interest to, military units. For example, docu-
ments recovered from the former German Demo-

cratic Republic called for Warsaw Pact forces to
employ heavy chemical warfare attacks early in any
conflict with the West.” Considerable quantities of
an agent may have to be applied to ensure good
coverage in the face of such factors as wind, heat,
and agent volatility, and surprising the enemy so
as to find them unprotected (eg, unmasked).

Chemical Agent Delivery Systems

The four methods of delivering chemical agents
are explosive release, bulk release, base ejection, and
spray delivery (Figure 4-1). The most common
method is explosive release. Bursts from individual
explosive munitions are, effectively, point sources
for chemical warfare dissemination. Chemical war-
fare artillery shells, which serve as smaller point
sources, could be laid down in a grid to cover a large
area. The same could be accomplished with fewer
missiles, which carry larger payloads and have
longer ranges. Agents can also be delivered from
multiple explosive point sources using submuni-

Fig. 4-1. Four modes of chemical agent release. (a) Explosive-release devices are predominantly represented among
the major chemical warfare arsenals. While some agent is lost to decomposition, their simplicity makes these the
weapons of choice. Point-source explosives are single detonation devices, while line-source munitions release a se-
ries of time-delayed explosions that lay agent toward the end of the trajectory. (b) Bulk-release munitions spill agent
into the airstream of the projectile. (c) Base-ejection devices are relatively uncommon owing to their cost and com-
plexity. Like explosives and bulk-release devices, these munitions can be carried on longer-range missiles. (d) Spray
delivery can be used to achieve large-area coverage, such as that required for terrain denial. However, because of
aircraft vulnerability, spray delivery is generally limited to application on undefended territory or against a poorly

defended foe.
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tions to cover a larger area or, if detonated in se-
quence, to lay down the agent along a trajectory
line. Such line deliveries may be delivered directly
over the target, or upwind of the target, preferably
perpendicular to the wind.

Bulk release, base ejection, and spray delivery
also deliver chemical warfare agents along trajec-
tory lines. In bulk release, the forward covering, or
“skin,” of a warhead is blown off, exposing agent
to aerodynamic breakup by high-speed air flow. In
base ejection, an explosive charge causes an inter-
nal pistonlike action to force the agent out of the
back of the warhead—either through small aper-
tures, aerosolizing it, or into a high-speed airstream
for aerodynamic breakup. Explosive, bulk release,
and base ejection methods are primarily suited for
the dispersal of liquid chemical agents. For the few
solid agents such as the tear gas CS and the inca-
pacitating agent BZ (3-quinuclidinyl benzilate), ef-
fective aerosolization is often achieved by pyrotech-
nic munitions.

Spray delivery is more efficient than the other
three methods in providing a very fine aero-
solization (average droplet diameter = <5 pum) of
agent, which can be inhaled far down into the lungs.
This method is particularly suited to the delivery
of toxins, which require deep inhalation and which
differ from most chemical agents in that they are

solids and do not vaporize. Spray delivery requires
slow speeds and low altitudes, conditions that ren-
der aircraft particularly vulnerable to attack. Spray
tanks could also be mounted on trucks or boats, and
unmanned aircraft could be designed to perform
the task. The increased vulnerability of spray-de-
livery systems makes their use more likely against
unarmed or poorly equipped opponents, or on care-
fully targeted sites under cover of surprise. Spray
delivery could also be applied to closed ventilation
systems in more focal applications.

From a tactical military standpoint, explosive
munitions, the dominant mode of chemical agent
delivery, vary with respect to effective agent deliv-
ery. Disregarding differences among chemical war-
fare agents for now, Figure 4-2 describes chemical
agent dissemination with respect to explosive mu-
nitions in further detail and illustrates important
considerations regarding the chemical agent dy-
namics and toxicity. Explosion of a chemical agent
shell, at ground level or some height over the tar-
get site, generates two products: vapor and drop-
lets. Droplets (average diameter range = 100 um to
1 mm for pure agents) will fall to the ground in a fine
rain to coat the target surface with liquid.

Agent vapor, the greatest threat for inhalational
intoxication, derives from three sources. First, agent
vaporizes from explosive burst energy. This will

Fig. 4-2. Agent vaporization increases in
proportion to energy sources such as heat
from explosive charges or from ambient
heat (as measured by air or surface tem-
peratures). Vapor persistence is then deter-
mined by weather factors such as wind and
humidity. Hydrolysis rates are affected
by factors such as temperature and solu-
bility. Agents show characteristic hydroly-
sis rates in water, and water vapor, as de-
scribed by humidity, may cause significant
hydrolysis of vaporized agent. The vesicant
Lewisite, for example, shows relatively
rapid hydrolysis in water vapor, while the
nerve agent VX is more resistant to hy-
drolysis.
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vary with shell design and specific agent payload.
Important shell design factors are shell casing thick-
ness, shell casing material, and the agent-to-burster
ratio. Second, additional vapor will be generated
as falling droplets vaporize. Heat from the explo-
sion dissipates quickly, and ambient air tempera-
ture is the most important factor in driving this
volatilization. Third, the liquid coating of agent on
the ground evaporates, ground temperature being
an important factor. Vapor produced by the first
two, explosive energy and droplet vaporization, is
called primary vaporization, while that rising from
the ground is secondary.

Considering these phenomena, we can ap-
preciate, for example, the differences in agent threat
(liquid persistence and deposition vs vaporization)
in scenarios wherein chemical agent shells are
dropped on a desert area during different times of
the day. The influence of wide environmental tem-
perature fluctuations over the 24-hour cycle, com-
bined with the agent used (see below) can make a
large difference: we can expect increased surface
deposition and skin-contact threat during cool
nights, and a considerably increased inhalational
toxicity threat during the heat of the day.

Successful employment of chemical agents is in-
fluenced by many variables. Most notable among
these is the weather, in that the agent is transported
by the wind and air currents when released as a
vapor or an aerosol. Unfavorable meteorological
conditions frequently preclude successful agent
deployment owing to the inordinately high num-
ber of weapons used. Once deployed, the persis-
tence of liquid contamination is affected by tem-
perature, sunlight, wind action, and rainfall.

Physical Properties of Chemical Agents

Toxicity mechanisms aside, the physical proper-
ties of the agent itself and its formulation also
present similarly important threat considerations.
Selection of agents and agent formulations can be
used to effect differential impacts with respect to
droplet size and liquid deposition, agent persis-
tence, and agent volatility. The classic chemical
warfare agents have a tremendous range of volatil-
ity (Table 4-2), and volatility can be a determinant
in deciding which agents will be used.”” Agents such
as hydrogen cyanide and sarin are relatively vola-
tile; they present an immediate, but short-lived,
threat. These agents are referred to as nonpersistent
(ie, they vaporize rapidly after delivery). Alterna-
tively, agents such as VX and sulfur mustard tend
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TABLE 4-2

COMPARATIVE VOLATILITIES OF
CHEMICAL WARFARE AGENTS

Agent Volatility*(mg/m?3)
Hydrogen Cyanide 1,000,000
Sarin (GB) 22,000
Soman (GD) 3,900
Sulfur Mustard (HD) 900
Tabun (GA) 610
VX 10

*Approximate amount of agent (in milligrams) that 1 m3 of air
can hold at 25°C.

Adapted from US Departments of the Army, Navy, and Air
Force. Potential Military Chemical/Biological Agents and Com-

pounds. Washington, DC: Headquarters, DA, DN, DAF; 12 Dec

1990: Appendix B, Table B, pp 95-97. Field Manual 3-9. Naval

Facility Command P-467. Air Force Regulation 355-7.

to fall largely in droplets, with less vaporization,
and remain on exposed surfaces for a long time.
These agents are called persistent.

Formulation is also used to manipulate the fate
of the agent. Soman, VX, Lewisite, and sulfur mus-
tard can be mixed with high-molecular-weight
thickeners to increase droplet size and thereby de-
crease primary vaporization. Such additives are
generally used to promote efficient agent deposi-
tion on the target site. Thickeners can also increase
agent persistence and may hamper decontamina-
tion efforts.

Nonpersistent Agents

In tactical use, the threat of nonpersistent, vola-
tile agents such as hydrogen cyanide or sarin
is greatest to the respiratory systems of unpro-
tected soldiers. A sudden, heavy bombardment of
these agents may effect many casualties if un-
masked soldiers are caught by surprise. When used
against an unprotected force, nonpersistent agents
are particularly effective in generating casualties,
thereby creating breakthrough points in enemy
front lines. The successful use of nonpersistent
nerve agent was demonstrated by Iraqgi counterat-
tacks against Iranian forces during 1988.2 Nonper-
sistent agents can also be used to slow down the
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enemy by forcing him to wear protective equip-
ment. Finally, they can also circumvent the enemy’s
protection against conventional high-explosive
munitions and may be used in night attacks to ha-
rass the enemy.

Persistent Agents

Given favorable weather conditions, the use of
persistent agents such as mustard and VX may pose
a threat for many days. Such agents can deny or
interfere with enemy occupation of terrain or use
of equipment and, in theory, could be used defen-
sively to protect vulnerable flanks. However, al-
though they can slow down enemy movement, they
can also hamper the movement of friendly forces
through a contaminated area. Delayed casualties
may occur even among protected troops operating
in a contaminated area for an extended period.
Hence, persistent agents may not be the agents of
choice when occupation of territory by friendly
forces is imminent.

Chemical land mines may be used in conjunc-
tion with military barrier systems to complicate
breaching or clearing the barriers by dispersing
persistent agent. The mines are typically based on
high-explosive mine designs, with several pounds
of agent being substituted for most of the explo-
sive charge. High-explosive land mines will cause
contaminated open wounds, primarily on lower
extremities, that must be properly decontaminated,;
this could be more difficult when persistent agents
are used.

Because of its action, sulfur mustard blistering
agent offers strategic benefits besides those consid-
ered above. Sulfur mustard was used very effectively
both during World War | and during the Iran-Iraq War
to generate thousands of casualties. Although deaths
among unprotected sulfur mustard exposure vic-
tims are relatively few,?® mustard injuries can tie up
medical treatment facilities with patients. While
survivors of other agents stabilize relatively soon
after exposure, mustard lesions demand months of
medical care. This was the fate of many thousands
of Iranian recruits, who were unprepared or poorly
equipped when they were exposed to sulfur mus-
tard agent.

Underscoring the importance of ambient
temperature and climate, we should note that per-
sistence can change greatly with temperature;
sulfur mustard volatility increases nearly 40-fold
between 0°C and 40°C: from 75 to 2,860 mg/m3. Al-
though always present, the threat of respiratory in-

toxication from sulfur mustard is considerably greater
at higher temperatures, although its persistence is re-
duced.

Rapidity of action also factors into agent selec-
tion. Volatile agents such as cyanide and sarin can
act very swiftly, primarily via the respiratory tract.
In general, nerve agent effects follow immediately
after exposure, culminating in seizures and death
within a few minutes of inhalation, cutaneous dos-
ing, or both. Other agents, such as mustard,
Lewisite, and phosgene act only after a delay. For
example, both the blistering and the edematous ef-
fects of skin exposure to sulfur mustard occur only
many hours after exposure.

Choice of Agent and Delivery System

By selecting the appropriate agents, formula-
tions, and delivery systems, a well-equipped mili-
tary will be in a better position to achieve its tacti-
cal objectives. U.S. Army Field Manual (FM) 3-10,
Employment of Chemical Agents, discusses how
chemical munitions could be used separately or in-
tegrated with conventional weapons. Chemical
warfare agents can be used to cause casualties, ha-
rass the enemy, and hamper or restrict the use of
terrain. Although an offensive capability no longer
exists, FM 3-10 provides useful information on how
chemical warfare agents can be used on the battle-
field.” Brigadier General Augustin M. Prentiss, a
Chemical Warfare Service officer, describes in his
classic 1937 book, Chemicals in War, the offensive
tactical uses of chemical agents that were in place
following World War 1.*°

The most militarily significant effects of chemi-
cal agents are through inhalation, in that most
agents are more toxic and faster acting by that route
of exposure. Almost without exception, modern
armies are equipped with protective equipment:
masks to protect the eyes and respiratory tract, and
protective clothing to prevent skin contamination.
However, the very act of donning protective equip-
ment is an encumbrance. In hot weather, remaining
in protective clothing for more than a few minutes
can itself produce casualties. The mission-oriented
protective posture gear (MOPP) that the U.S. Army
issues, which was designed for use in the European
theater, can swiftly cause an active wearer to expe-
rience heat stress and dehydration under desert
conditions.®* The British protective counterpart,
the MK 4 suit, keeps the wearer cooler by allowing
perspiration to evaporate, although the heat stress
problem remains.*
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Detection and Protection

Adequate agent detection capabilities are essen-
tial for successful chemical agent defense. Although
U.S. Army doctrine prescribes donning full MOPP
4 gear if an attack is imminent or in progress, de-
tection capabilities permit recognition of the true
agent threat and appropriate reductions to protec-
tive posture (ie, MOPP 3 or even MOPP 2). Detec-
tion capability for medical teams is essential to pro-
vide warning that casualties are contaminated, and
to avoid inappropriate assumption of high levels
of protective posture if they are not.

Well-equipped, well-trained troops who apply
high levels of discipline in using protective equip-
ment are not very likely to become chemical casu-
alties. Most casualties will have sustained respira-
tory injury due to failure to mask properly in time
when under attack. We can speculate that as the
length of time spent in protective posture increases,
the percentages of casualties with skin effects will
increase. Most of these effects will be from failures

in procedure when donning protective clothing and
removing contaminated protective clothing.

Among exposed populations, the range of agent
intoxication effects can be expected to correlate with
levels of protective equipment, training, and disci-
pline. The healthcare provider should anticipate
that poorly trained soldiers will show an increased
incidence of skin contamination by vesicants, for
example. There will also be a greater need for de-
contamination. Civilian populations will generally
be the most vulnerable. Most will have little if any
protective equipment, and no means of detecting
the presence of agent.

Even with protective equipment, the threat of
agent intoxication is greater for casualties with fa-
cial, neck, or chest wounds that may compromise
the integrity of the protective mask seal. Based on
wound descriptions, a retrospective analysis® of
2,021 casualties admitted to the Naval Support
Hospital in Da Nang, Vietnam, found that mask
failure could have been expected to affect 34% of
these patients.

RESPONDING TO THE THREAT: MANAGING CASUALTIES

The medical management of casualties, includ-
ing triage, decontamination, and specific therapy,
is discussed in separate chapters. However, several
points need emphasis under a discussion of con-
cerns for the healthcare provider.

First, many of the early signs and symptoms pro-
duced by chemical warfare agents may resemble
those of a variety of disorders, including stress.
Among unseasoned troops, especially those with
limited experience in a chemical environment, psy-
chological withdrawal or physical complaints of
palpitation, gastrointestinal distress, headaches,
dizziness, and inattentiveness will present difficult
diagnostic dilemmas for medical personnel on the
battlefield. A clinical awareness of the early signs
and symptoms is critically important, but so is an
awareness of the medical problems associated with
stress. The potential for mass hysteria is also high,
even among troops with full individual protection,
and the horror of dying from a chemical agent at-
tack is widespread. Apprehension will be a major
factor in the confusion of battle.

To minimize such problems, continuous training
is required so that soldiers are comfortable donning
their protective equipment and operating in a
chemically contaminated environment. Similarly,
soldiers must understand the rationale for taking
the nerve agent pretreatment, pyridostigmine, as an
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added protective measure, not as a replacement for
masking. Such training should involve medical input.

Second, the risk of chemical contamination of
medical equipment and medical treatment facilities
is an added threat, and precautions need to be taken
to ensure that patients are properly decontaminated
before being brought into designated uncontami-
nated treatment areas. Frontline medics faced with
many casualties can only be expected to adminis-
ter lifesaving procedures, such as opening the air-
way or preventing further hemorrhage; decontami-
nation can be expected to be minimal.

In rear areas, chemical decontamination of open
wounds adds substantial complexity to otherwise
conventional wounds, which then require proce-
dures different from those ordinarily established for
debridement. Some nations have adopted special
irrigation-suction devices to irrigate and clean
wounds, and air-flow protection methods to mini-
mize the risk to hospital staff. The risk of wound
contamination may be higher with low-velocity
wounds, when pieces of contaminated clothing or
debris may be carried into the wound and remain
deeply imbedded for a time; this may be a greater
problem with persistent agents. Therefore medical
procedures must be well defined, and healthcare
providers should regularly review the steps re-
quired in handling a casualty.
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While chemical agents are an occupational haz-
ard to the combat soldier, they are also a danger to
the emergency room and surgical staff, who must
rely on their hands and eyes to stabilize and treat
the casualty. Standard surgical latex gloves are not
sufficient protection against chemical agents, and
they provide little protection against a vapor haz-
ard. Should hospital-based medical personnel in
critical specialties become casualties themselves, the
healthcare delivery system will be significantly
compromised. An improperly decontaminated ca-
sualty may also pose a risk to other patients.

Third, the patient flow pattern in a chemical en-
vironment will be substantially altered. Treatment
rates can be expected to be reduced because of the
decontamination procedures that must be in place.
Injuries that will be seen will range from severe to
minor, with the latter probably constituting the
majority. With some agents, the effects of chemical
injury may not be readily apparent until after a de-

lay, and this must be considered in the disposition
of the patient. Therefore, the process of medical
evaluation and observation may tax the holding
capability of a facility.

Finally, the medical logistical requirements will
be increased. It has been stated that up to 40% more
transport is required to move a typical field hospi-
tal in a chemical environment, and the fuel neces-
sary to power air pumps, special filtration units, and
air conditioners is an added requirement.®® Water
requirements may also be increased in a chemical
environment. Medical treatment facility planners
should recognize the importance of environmental
factors within a chemical warfare theater. For ex-
ample, the MOPP gear may not be designed for the
climatic conditions on the battlefield. Tests have
shown that perspiration compromises the ability of
the battledress overgarment to protect the wearer
from chemical agents® and may actually predispose
an individual to injury.®

FUTURE CONFLICTS IN A CHEMICAL ENVIRONMENT

From the standpoint of military strategy, two rea-
sons are commonly cited for a combatant to employ
chemical weapons. First, they can be highly effec-
tive when densely applied onto concentrated,
largely immobile forces or populations. This factor
largely promoted their use against entrenched troop
positions during World War I. During the Cold War,
military strategists anticipated similar intense
chemical warfare bombardments from Warsaw Pact
forces in the European theater. Second, chemical at-
tacks can be initiated at lower levels to encumber
an opponent with defensive equipment, or to cre-
ate panic and disorder among poorly trained or
unprepared troops. Application onto enemy troops
or civilian populations can also have a strong de-
moralizing effect.

Two important influences on the decision to em-
ploy chemical attacks are weather patterns and user
objectives. Gas dispersal depends on wind speed
and direction. If the attacking force is in close prox-
imity to the target area, it must use protective gear
in the event of wind shift. This handicap can be
avoided, if the situation allows, when agents can
be delivered from a remote location by either air or
long-range artillery. The objectives of an attacker
may also determine whether chemical warfare will
be employed and, if so, which agents are to be used.
Thickened nerve agents and sulfur mustard deny
free access to terrain and are not likely to be used
by forces intent on occupation. Nonthickened nerve

agents are not persistent and could be used by a
mobile, advancing force.

Western powers had contemplated using chemi-
cal weapons during World War 11. Sir Winston
Churchill seriously contemplated resorting to
chemical warfare should the defense of Britain have
become desperate.® Later in the war, U.S. military
commanders also contemplated the use of chemi-
cal agents to counter Japanese fanaticism, which,
even during imminent defeat in 1945, caused ex-
ceedingly high losses on both sides during island
warfare (nearly 110,000 Japanese died in the battle
for Okinawa alone). These circumstances led the
United States to resort to unconventional weaponry
(the atomic bomb). With Germany out of the war
and the death of President Roosevelt, who had op-
posed any first use of chemical weapons, the use of
sulfur mustard and other agents was seriously con-
templated during the summer of 1945.% Based on
recent events and decisions, however, it is unlikely
that an offensive chemical warfare program would
be initiated by Western powers. This does not ne-
gate the need for a strong defense posture, how-
ever, as long as chemical proliferation continues.

Fanaticism shown by Iranian Revolutionary
Guard units may have precipitated Iraqi use of
chemical warfare agents at the end of 1983.
Throughout the Iran-lrag War, Irag generally used
chemical weapons only when facing probable de-
feat with conventional weapons.® History suggests
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that a cornered and besieged enemy, confronting
troops intent on inducing complete surrender, could
employ chemical warfare agents as a final resort or
act of vengeance. In 1937, Prentiss stated:

In the last analysis, war is not a sport, but a grim
contest between states for national existence. War

cannot be conducted by any code of sportsmanship,
but only by the law of military necessity, however
much civilization may deplore the results.3®%9

Therefore, the United States military must maintain
a strong readiness posture in the face of a continu-
ing chemical warfare threat.

SUMMARY

The military healthcare provider should be pre-
pared to be the first to recognize military or civil-
ian casualties of chemical warfare attack. This re-
quires an informed understanding of the likelihood
of chemical warfare agent use or threat, and it re-
quires the ability to clearly recognize agent-expo-
sure symptoms against a varying background of un-
related injury and stress behaviors. The healthcare
provider should be informed, to the fullest extent
possible, when to anticipate chemical warfare at-
tack by hostile forces or terrorist activities. This re-
quires consideration of an adversary with regard
to political factors and motivation, chemical agent
possession or access, chemical warfare offensive

and defensive capabilities, and the strategic advan-
tage to be realized through agent use.

When individuals suspected to have been ex-
posed to chemical warfare agents are encountered,
initial recognition of the type of agent used may be
facilitated through an understanding of tactical
agent use, modes of agent dissemination, likely
routes of casualty exposure to agent, and physical
agent properties and other factors determining the
persistence of these toxicants in the operating en-
vironment. Finally, to protect both the injured and
medical personnel, casualty care must take place
within a framework of decontamination both in the
field and in forward medical support facilities.
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INTRODUCTION

Nerve agents are extremely toxic chemicals that
were first developed in secrecy before and during
World War Il primarily for military use. Related
substances are used in medicine, in pharmacology,
and for other purposes, such as insecticides, but
they lack the potency of the military agents. Much
of the basic knowledge about the clinical effects of
nerve agents comes from research performed in the
decades immediately following World War II.

The military stockpiles of several major powers
are known to include nerve agents, and the arma-
mentaria of other countries are thought to contain
them as well (see Chapter 4, The Chemical War-
fare Threat and the Military Healthcare Provider).
Because of the possibility of nerve agent use in
future conflicts, military medical personnel should
have some knowledge of these agents, their effects,
and the proper therapy for treating casualties.

HISTORY

Possibly the earliest recorded use of a substance
that works, like nerve agents, by inhibiting cho-
linesterase (ChE) is by native tribesmen of western
Africa who used the Calabar bean as an “ordeal
poison” in witchcraft trials.*? An extract, “the elixir
of the Calabar bean,” was later used medicinally,?
and in 1864, the active principle was isolated by
Jobst and Hesse and called physostigmine.! Vee and
Leven independently isolated this same substance
in 1865 and named it eserine,* hence its dual nomen-
clature.

The first organophosphorus ChE inhibitor was
probably tetraethyl pyrophosphate (TEPP), synthe-
sized by Wurtz and tasted (with no ill results) by
Clermont in 1854.% During the next 80 years, chem-
ists (such as Michaelis, Arbusow, and Nylen) made
numerous advances in organophosphorus chemis-
try, but generally they did not realize the toxicity
of the substances with which they were working.*

In the early 1930s, interest in both physostigmine-
type (reversible) and organophosphorus-type (irre-
versible) ChE inhibitors increased. (The terms “re-
versible” and “irreversible” refer to the duration of
binding of the compound with the enzyme ChE; see
the Mechanism of Action section below.) The revers-
ible type, most of which are carbamates, were de-
veloped for treating conditions such as intestinal
atony, myasthenia gravis, and glaucoma; for ex-
ample, treating gastric atony with neostigmine was
described in 1931."

Five organophosphorus compounds are gener-
ally regarded as nerve agents. They are commonly
known as tabun (North Atlantic Treaty Organiza-
tion [NATO] military designation, GA), sarin (GB),
and soman (GD); and GF and VX (also NATO mili-
tary designations; these compounds have no com-
mon names). The agents in the “G” series allegedly
were given the code letter G because they originated

130

in Germany; the “V” allegedly stands for venom-
ous. GF is an old agent, previously discarded by
the United States as being of no interest. During the
Persian Gulf War, it was believed that Irag might
have GF in its arsenal; however, interest has waned
again and GF has retreated to obscurity.

Lange and Krueger reported on the marked po-
tency of organophosphorus compounds in 1932 af-
ter noting the effects of the vapors of dimethyl and
diethyl phosphorofluoridate on themselves.**
Shortly thereafter, the German company I. G.
Farbenindustrie developed an interest in organo-
phosphorus compounds as insecticides. On 23 De-
cember 1936, Gerhard Schrader, who headed the
company’s research effort, synthesized what today
is known as tabun.>® Like Lange and Krueger, he
noted the toxicity (miosis and discomfort) of the
vapors of the substance in himself.

Over a year later, Schrader synthesized a second
organophosphorus compound and named it sarin
in honor of those who were instrumental in its de-
velopment and production: Schrader, Ambros,
Rudriger, and van der Linde.® Because the German
Ministry of Defense required that substances pass-
ing certain toxicity tests be submitted to the gov-
ernment for further investigation, these compounds
were examined for possible military use.

The potential of tabun and sarin as weapons
was soon realized. A large production facility was
built in Dyhernfurth and production of tabun was
begun in 1942.%° Sarin was also produced in
Dyhernfurth and possibly at another plant in
Falkenhagen.® Late in World War Il, Soviet troops
captured the Dyhernfurth facility (then in Germany,
now in Poland), dismantled it, and moved it, along
with key personnel, to the former Soviet Union,
where production of the agents commenced in
1946.°



About 10,000 to 30,000 tons of tabun and smaller
quantities of sarin were produced and put into
munitions by the Germans during World War 11, but
these weapons were never used.® Why they were
not remains a matter of conjecture.

In the waning days of World War Il, troops of
the United States and the United Kingdom captured
some of these munitions, which were being stored
at Raubkammer, a German testing facility. The mu-
nitions, which contained an agent unknown to sci-
entists in the United Kingdom and the United
States, were taken to the two countries for exami-
nation. Over a single weekend, a small group of
scientists at the U.K. Chemical Defence Establish-
ment, working despite miosis caused by accidental
exposure to the agent vapor, elucidated the phar-
macology and toxicity of tabun and documented the
antidotal activity of atropine.”

Thus, during the latter part of World War Il, Ger-
many possessed chemical weapons against which
its foes had little protection and no antidotes.
Use of these weapons probably would have been
devastating and might have altered the outcome of
that conflict. The Germans had tested nerve agents
on inmates of concentration camps, not only to in-
vestigate their intoxicating effects but also to de-
velop antidotes.® Many casualties, including some
fatalities, were reported among the plant work-
ers at Dyhernfurth; the medical staff there eventu-
ally developed antidotal compounds.® The Allies
were unaware of these German experiments until
the close of the war, months after the initial U.K.
studies.’

Soman was synthesized in 1944 by Richard Kuhn
of Germany, again in a search for insecticides.® Small
amounts were produced, but development had not
proceeded far by the end of the war. The nerve agent
VX was first synthesized by an industrial concern
in the United Kingdom in the early 1950s® and was
given to the United States for military development.

Other potential nerve agents were synthesized
by scientists in the United States and United King-
dom but were not developed for military use. For

Nerve Agents

example, GF, which may have been first synthesized
about 1949 by a chemist in another country in the
search for other nerve agents, was studied in both
the United States and the United Kingdom. It was
then discarded for reasons that are not entirely clear.
Possible explanations are that it was too expensive
to manufacture or that there was no perceived need
for an agent with its properties. The manufactur-
ing process for GF is apparently similar to that for
GB. During the Persian Gulf War (1990-1991), Iraq
was believed to have switched from the manufac-
ture of GB to the manufacture of GF when the pre-
cursors of GB, but not those of GF, were embargoed.

The United States began to produce sarin in the
early 1950s, and VX in the early 1960s, for potential
military use; production continued for about a de-
cade.® The U.S. munitions inventory today contains
these two nerve agents in 30- to 45-year-old M55
rockets; land mines; 105-mm, 155-mm, and 8-in.
projectiles; 500-1b and 750-1b bombs; wet-eye bombs
(one of a family of “eye” bombs, which has liquid
chemical [wet] contents); spray tanks; and bulk con-
tainers.® These munitions are stored at six depots
within the continental United States (CONUS) and
one outside the continent; the locations of these
depots are public knowledge.'® The six CONUS
depots are near Tooelle, Utah; Umatilla, Oregon;
Anniston, Alabama; Pine Bluff, Arkansas; Newport,
Indiana; and Richmond, Kentucky; the seventh de-
pot is on Johnston Island in the Pacific Ocean.

Sarin has also been used in terrorist attacks. In
June 1994, members of a Japanese cult released sarin
in an apartment complex in Matsumoto, Japan. Al-
though there were almost 300 casualties, including
7 dead, this event was not well publicized. On 20
March 1995, sarin was released on Tokyo subways.
More than 5,500 people sought medical care; about
4,000 had no effects from the agent but 12 casual-
ties died. This incident required a major expendi-
ture of medical resources to triage and care for the
casualties. (Also see Chapter 1, Overview: Defense
Against the Effects of Chemical and Biological War-
fare Agents).

PHARMACOLOGY OF CHOLINESTERASE INHIBITORS

Cholinesterase in Tissue

Nerve agents are compounds that exert their bio-
logical effects by inhibition of the enzyme acetyl-
cholinesterase (AChE), according to the current,
widely accepted explanation. Some other com-
pounds cause similar effects by the same mecha-

nism and, in a broad sense, can also be considered
nerve agents.

Acetylcholinesterase belongs to the class of en-
zymes called esterases, which catalyze the hydroly-
sis of esters. ChEs, the class of esterases to which
AChE belongs, have high affinities for the esters of
choline. Although there are several types of cho-
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line esters, acetylcholine (ACh), the neurotransmit-
ter of the cholinergic portion of the nervous sys-
tem, is most relevant to nerve agent activity.

The enzyme AChE, found at the receptor sites of
tissue innervated by the cholinergic nervous sys-
tem, hydrolyzes ACh very rapidly: it has one of the
highest enzyme turnover numbers (number of mol-
ecules of substrate that it turns over per unit time)
known.' A similar enzyme having ACh as its pre-
ferred substrate is found in or on erythrocytes (red
blood cells, RBCs) and is known as erythrocyte, or
true, ChE (RBC-ChE). Butyrocholinesterase (BuChE,
also known as serum or plasma cholinesterase, and
as pseudocholinesterase), another enzyme of
the ChE family, has butyrylcholine as its preferred
substrate. Butyrylcholine is present in plasma or se-
rum and in some tissues. BUChE and RBC-ChE
are discussed in the Blood Cholinesterases section
below.

Cholinesterase-Inhibiting Compounds

Most ChE-inhibiting compounds are either car-
bamates or organophosphorus compounds. Among
the carbamates is physostigmine (eserine; elixir
of the Calabar bean), which has been used in
medicine for more than a century.® Neostigmine
(Prostigmin, manufactured by ICN Pharmaceuti-
cals, Costa Mesa, Calif.) was developed in the early
1930s for management of myasthenia gravis;
ambenonium was developed later for this same
purpose. Pyridostigmine bromide (Mestinon,
manufactured by ICN Pharmaceuticals, Costa Mesa,
Calif.) has been used for decades for the manage-
ment of myasthenia gravis. The military of the
United States and several other nations also field
pyridostigmine bromide (manufactured by Phillips
Duphar, Holland), known as PB or NAPP (nerve
agent pyridostigmine pretreatment), as a pretreat-
ment, or antidote-enhancing substance, to be used
before exposure to certain nerve agents (see Chap-
ter 6, Pretreatment for Nerve Agent Exposure). To-
day these carbamates are mainly used for treating
glaucoma and myasthenia gravis. Other carbam-
ates, such as Sevin (carbaryl, manufactured by
Techne, St. Joseph, Mo.), are used as insecticides.

Most commonly used insecticides contain either
a carbamate or an organophosphorus compound.
The organophosphorus insecticide malathion has
replaced parathion, which was first synthesized in
the 1940s. The organophosphorus compound
diisopropyl phosphorofluoridate (DFP) was synthe-
sized before World War Il and studied by Allied
scientists before and during the war, but was re-
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jected for use as a military agent. For a period of
time, this compound was used topically for treat-
ment of glaucoma but later was rejected as unsuit-
able because it was found to produce cataracts. It
has been widely used in pharmacology as an inves-
tigational agent.

Mechanism of Action

Nerve agents inhibit ChE, which then cannot
hydrolyze ACh. This classic explanation of nerve
agent poisoning holds that the intoxicating effects
are due to the excess endogenous ACh. This expla-
nation, however, may not account for all nerve agent
effects.

Research suggests that other nerve agent actions
may contribute to toxicity. For example, ChE inhibi-
tors inhibit enzymes other than ChE; the effect of
this inhibition of additional enzymes on nerve agent
toxicity may be significant.’ Concentrations of ChE
inhibitors that are severalfold higher than lethal
concentrations produce direct effects on receptor
sites by blocking conductance through the ion chan-
nel or by acting as agonists at the channel complex.*
While these findings offer hope that better means
of therapy will be developed in the future, their
relevance to clinical effects is not clear at this time.

A detailed discussion of the chemistry of ChE
inhibition is beyond the scope of this chapter and
can be found in most textbooks of pharmacology
(eg, see Koelle™). The relevant aspects are summa-
rized here.

The efferents of the human nervous system can
be subdivided according to the neurotransmitter
released. The adrenergic nervous system, for which
the neurotransmitter is adrenaline (epinephrine) or,
more correctly, noradrenaline (norepinephrine),
comprises one large subsection. Other, less promi-
nent efferent tracts have g-aminobutyric acid
(GABA), dopamine, or some other substance as the
neurotransmitter. The cholinergic nervous system,
a second major subdivision, has acetylcholine as the
neurotransmitter. Acetylcholine is the neurotrans-
mitter of the neurons to skeletal muscle, of the
preganglionic autonomic nerves, and of the post-
ganglionic parasympathetic nerves. Exogenous
ACh causes stimulation of the muscles and other
structures innervated by these fibers.

This portion of the cholinergic nervous system
can be further subdivided into the muscarinic and
nicotinic systems, because the structures that are
innervated have receptors for the alkaloids musca-
rine (MAChR) and nicotine (nAChR), respectively,
and can be stimulated by these compounds. Mus-
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carinic sites are innervated by postganglionic para-
sympathetic fibers. These sites include glands (eg,
those of the mouth and the respiratory and gas-
trointestinal systems), the musculature of the pul-
monary and gastrointestinal systems, the efferent
organs of the cranial nerves (including the heart via
the vagus nerve), and other structures. Nicotinic
sites are at the autonomic ganglia and skeletal
muscles.

The production of a response in an organ to a
neuromediated impulse consists of several stages.

Nerve Agents

Fig. 5-1. Diagram of neuromuscular
conduction. (a) Nerve fiber with axon
terminal in synaptic trough of mus-
cle. (b) Close-up of axon terminal in
trough, with synaptic vesicles indi-
cated. (c) Acetylcholine synthesis
from acetate and choline and storage
of acetylcholine in synaptic vesicles.
(d) Release of acetylcholine from syn-
aptic vesicles after an action poten-
tial. (e) Acetylcholine stimulation of
endplate at receptor for site. (f) Hy-
drolysis of acetylcholine by mem-
brane-bound acetylcholinesterase.
Reprinted with permission from
Clinical Symposia. 1(1,88): 162, Plate
3118. West Caldwell, NJ: CIBA-
GEIGY Medical Education Division.

First, the impulse travels down a nerve to the ax-
onal terminal, or presynaptic area, creating an ac-
tion potential. (This action potential consists of a
change in the resting potential of the polarized
nerve membrane.) At the prejunctional area, the
action potential stimulates the release of the neu-
rotransmitter ACh from storage in synaptic vesicles.
The ACh diffuses across the synaptic cleft and com-
bines with specialized areas—the receptor sites—
on the postsynaptic membrane to produce a
postsynaptic potential, which may be either a de-
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polarization or a hyperpolarization of the mem-
brane. The postsynaptic activity thus initiated is a
contractile response in muscle or secretion in a
gland. (Events in the central nervous system [CNS]
are less clear.) Following each impulse, the neu-
rotransmitter is destroyed to prevent further
postsynaptic potentials (Figure 5-1).

In the cholinergic portion of the nervous system,
ChE hydrolyzes the neurotransmitter ACh to ter-
minate its activity at the receptor site (Figure 5-2).
Acetylcholine attaches to two sites on the ChE en-
zyme: the choline moiety to the anionic site and the
acetyl group to the esteratic site. The choline splits
off, leaving the acetylated esteratic site, which then
reacts very quickly with water to form acetic acid
and regenerated, or reactivated, enzyme.

If AChE were absent from the site, or if it were
unable to function, ACh would accumulate and
would continue to produce postsynaptic action
potentials and activity in the organ. The nerve
agents and other ChE-inhibiting substances pro-
duce biological activity by disabling (or inhibiting)
AChE, an action that leads to an accumulation of
ACh. The biological activity, or toxicity, of ChE in-
hibitors is due to this excess endogenous ACh,
which is not hydrolyzed.
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Fig. 5-2. This schematic ribbon diagram shows the struc-
ture of Torpedo californica acetylcholinesterase. The diagram
is color-coded; green: the 537-amino acid polypeptide of
the enzyme monomer; pink: the 14 aromatic residues that
line the deep aromatic gorge leading to the active site;
and gold and blue: a model of the natural substrate for
acetylcholinesterase, the neurotransmitter acetylcholine,
docked in the active site. Reprinted with permission from
Sussman JL, Silman I. Acetylcholinesterase: Structure and
use as a model for specific cation—protein interactions.
Curr Opin Struct Biol. 1992;2:724.
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The compounds in the two major categories of
AChE inhibitors, carbamates and organophospho-
rus compounds, also attach to the ChE enzyme.
There are some differences, however, between them
and the natural substrate ACh. Carbamates attach
to both the esteratic and the anionic sites. A moiety
of the carbamate is immediately split off, leaving
the enzyme carbamoylated at the esteratic site. In-
stead of hydrolysis occurring at this site within
microseconds, as it does with the acetylated en-
zyme, hydrolysis does not occur for minutes to
hours, and the enzyme remains inactive or inhibited
for about 1 hour after reacting with physostigmine
and 4 to 6 hours after reacting with pyridostigmine.

Most organophosphorus compounds combine
with the ChE enzyme only at the esteratic site, and
the stability of the bond (ie, the interval during
which the organophosphorus compound remains
attached) depends on the structure of the com-
pound. Hydrolytic cleavage of the compound from
the enzyme may occur in several hours if the alkyl
groups of the organophosphorus compound are
methyl or ethyl, but if the alkyl groups are larger,
cleavage may not occur. Thus, the phosphorylated
form of the enzyme may remain indefinitely; in this
case, return of enzymatic activity occurs only with
the synthesis of new enzyme.

Since most of these compounds attach to the
esteratic site on AChE, a second binding compound
cannot attach on that site if the site is already occu-
pied by a molecule. Thus a previously administered
ChE inhibitor will, in a manner of speaking, pro-
tect the enzyme from a second one.**" This activity
forms the pharmacological basis for administering
a carbamate (pyridostigmine) before expected ex-
posure to some nerve agents to provide partial
protection (lasting 6-8 h) against the more perma-
nently bound nerve agents. (This mode of protec-
tion is described in more detail in Chapter 6, Pre-
treatment for Nerve Agent Exposure). Because of
the different lengths of time required for carbam-
ates and organophosphorus compounds to be hy-
drolyzed from the enzyme, they are sometimes re-
ferred to, respectively, as reversible and irrevers-
ible inhibitors.

After inhibition by irreversibly bound inhibitors,
recovery of the enzymatic activity in the brain seems
to occur more slowly than that in the blood ChE.***
However, one individual severely exposed to sarin
was alert and functioning reasonably well for sev-
eral days while ChE activity in his blood was un-
detectable (Exhibit 5-1)." This case study and other
data suggest that tissue function is restored at least
partially when ChE activity is still quite low.
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EXHIBIT 5-1
CASE REPORT: SARIN EXPOSURE OF A MAN IN FULL PROTECTIVE GEAR

Exhibit 5-1 is not shown because the copyright permission granted to the Borden Institute, TMM, does not
allow the Borden Institute to grant permission to other users and/or does not include usage in electronic
media. The current user must apply to the publisher named in the figure legend for permission to use this
illustration in any type of publication media.

Exhibit 5-1 (continues)
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Exhibit 5-1 (continued)

this illustration in any type of publication media.

organophosphates. Clin Toxicol. 1974;7(1):6-8.

Exhibit 5-1 continued is not shown because the copyright permission granted to the Borden Institute, TMM,
does not allow the Borden Institute to grant permission to other users and/or does not include usage in elec-
tronic media. The current user must apply to the publisher named in the figure legend for permission to use

Quoted with permission from Sidell FR. Soman and sarin: Clinical manifestations and treatment of accidental poisoning by

Blood Cholinesterases

To review, there are two forms of ChE in the
blood: BUChE, which is found in plasma or serum,
and RBC-ChE, which is associated with erythro-
cytes. Neither enzyme is identical to the tissue en-
zyme with the corresponding substrate specificity
(butyrylcholine and ACh, respectively). However,
because blood can be withdrawn, the activities of
each of these enzymes can be assayed by standard,
relatively simple laboratory techniques, whereas
tissue enzyme is unavailable for assay. The mea-
surements obtained from the blood assay can be
used as an approximation of tissue enzyme activ-
ity in the event of a known or possible exposure of
an animal, such as man, to an AChE inhibitor.

Persons who are occupationally exposed to ChE-
inhibiting substances are periodically monitored for
asymptomatic exposure by assays of blood-ChE
activity. Those at risk include crop sprayers and
orchard workers who handle ChE-inhibiting insec-
ticides, and chemical agent-depot workers or
laboratory scientists who handle nerve agents. To be
meaningful, such monitoring must include knowl-
edge of physiological variation in the blood enzymes.
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Individuals who work with or around nerve
agents, such as laboratory investigators and depot
or storage-yard personnel, have their RBC-ChE ac-
tivity monitored periodically. Before the individu-
als begin work, two measures of RBC-ChE, drawn
within 14 days but not within 24 hours of each other,
are averaged as a “baseline.” At periodic intervals,
the frequency of which depends on the individu-
als’ jobs, blood is drawn for measuring cholines-
terase activity (for further discussion, see Chapter
17, Healthcare and the Chemical Surety Mission).
If the activity is 75% or more of their baseline, no
action is taken. If the activity is below 75% of their
baseline, they are considered to have had an asymp-
tomatic exposure and they are withdrawn from
work. Investigations are undertaken to find how
they were exposed. Although asymptomatic, they
are not permitted to return to a work area around
nerve agents until their RBC-ChE activity is higher
than 80% of their baseline activity.” If an individual
has symptoms from a possible nerve agent expo-
sure or if an accident is known to have occurred in
his area, his RBC-ChE activity is immediately mea-
sured and the criteria noted above, as well as signs
and symptoms, are used for exclusion from and re-



turn to work. The values of 75% and 80% were se-
lected for several reasons, including (a) the normal
variation of RBC-ChE in an individual with time
(discussed below), (b) laboratory reproducibility in
analysis of RBC-ChE activity, and (c) the lower tol-
erance to nerve agents with a low RBC-ChE as dem-
onstrated in animals (discussed below). This topic
is also discussed in Chapter 14, Pesticides, in Occupa-
tional Health: The Soldier and the Industrial Base, another
volume in the Textbook of Military Medicine series.

Butyrocholinesterase

The enzyme BuChE is present in blood and
throughout tissue. Its physiological role in man is
unclear®; however, it may be important in canine
tracheal smooth muscle,? the canine ventricular
conducting system,? and rat atria.?

BUChE is synthesized in the liver and has a re-
placement time of about 50 days. Its activity is de-
creased in parenchymal liver disease, acute infections,
malnutrition, and chronic debilitating diseases, and
is increased in the nephrotic syndrome.? This
enzyme has no known physiological function in
blood, but may assist in hydrolyzing certain cho-
line esters.

Persons who have a prolonged paralysis caused
by succinylcholine, a muscle relaxant, usually are
found to have low BUChE activity.” The structure
of BUChE is determined by two autosomal alleles.
The frequency of occurrence of the gene responsible
for abnormal ChE is about 1 in 2,000 to 1 in 4,000
people. Thus, about 96% of the population have the
usual phenotype, close to 4% have the heterozygous
phenotype, and about 0.03% have the homozygous
abnormal phenotype.? In addition to having low
BUChE activity, which results from this genetic ab-
normality, in the usual assay, persons with abnor-
mal ChE have low dibucaine numbers (the enzyme
activity in an assay in which dibucaine is used as
the ChE substrate). The mean dibucaine number for
the normal phenotype is about 79%, that for the
heterozygote is 62%, and that for the homozygous
abnormal phenotype is 16%.%

The relationship of BUChE activity and succinyl-
choline can be somewhat different, however. One
author® reports on an individual whose BUChE ac-
tivity was 3-fold higher than normal. His dibucaine
number was normal, and he was found to be rela-
tively resistant to succinylcholine. His sister and
daughter also had high BUChE activities. The au-
thor of this report suggests that this abnormality is
autosomal dominant and that it represents another
genetic abnormality of BuChE.

Nerve Agents

Erythrocyte Cholinesterase

RBC-ChE is synthesized with the erythrocyte,
which has an average life of 120 days. The activity
of this enzyme is decreased in certain diseases in-
volving erythrocytes (such as pernicious anemia)
and is increased during periods of active reticulo-
cytosis (such as recovery from pernicious anemia)
because reticulocytes have higher ChE activity than
do mature cells. No other disease states are known
to affect RBC-ChE activity,?® but one report® de-
scribes three members of one family who had
decreased RBC-ChE activity, suggesting that dif-
ferences in this enzyme are genetic.

The physiological role of the enzyme in (or on
the stroma of) the erythrocyte is unknown. Recov-
ery of RBC-ChE activity after irreversible inhibition
takes place only with the synthesis of new erythro-
cytes, or at a rate of approximately 1% per day.

Variation in Cholinesterase Activities

Butyrocholinesterase. In longitudinal studies?*®
lasting 3 to 250 weeks, the coefficient of variation
(standard deviation divided by the mean) for an
individual’s BUChE activity ranged from 5% to
11.8% in men and women. Of the ranges (range is
defined as the difference between the highest and
lowest activities divided by the mean) for individu-
als in the study, the lowest was 24% and the high-
est was 50% over 1 year.?

BuChE activity does not vary with age in
women®® until the age of 60 years, when higher
BUChE activities are seen.** BUChE activities in men
have been reported in some studies to increase with
age and in other studies to decrease with age.? In
matched age groups, BUChE activity was higher in
men than in women,?%® and higher in women not
taking oral contraceptives than in those taking
them, %%

Erythrocyte Cholinesterase. RBC-ChE activity is
more stable than the activity of the BUChE.?®%* |n
a study? that lasted 1 year, the coefficients of varia-
tion were 2.1% to 3.5% in men and 3.1% to 4.1% in
women, with ranges of 7.9% to 11.4% in men and
12.0% to 15.9% in women. This variation was less
than that observed for the hematocrits of these in-
dividuals.

It is unclear whether age affects RBC-ChE activ-
ity. In one study,” RBC-ChE activity was unchanged
with age, while in another,* enzyme activity in-
creased with age from the third to the sixth decades
in men, with a less marked increase through the fifth
decade in women.
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Inhibition of Blood Cholinesterases

Some ChE-inhibiting substances inhibit BUChE
preferentially, and some inhibit RBC-ChE preferen-
tially. Large amounts of ChE inhibitors will com-
pletely inhibit both enzymes.

The blood enzymes appear to act as buffers for
the enzymes in the tissue. There is little inhibition
of tissue enzyme until much of the blood enzyme
is inhibited. The RBC-ChE appears to be more im-
portant than the plasma enzyme in this regard. In
two studies,**¢ a small dose of DFP in humans in-
hibited about 90% of the plasma enzyme activity
but only 15% to 20% of RBC-ChE activity. Symp-
toms correlated with depression of RBC-ChE, but
not with depression of BUChE (see the Central Ner-
vous System and Behavior section below). In hu-
mans, some pesticides, such as parathion,®-*°
systox,*” and malathion,? also preferentially inhibit
the plasma enzyme, while others, such as dimefox®
and mevinphos,” initially bind with the RBC en-
zyme. In animals, there appears to be a species dif-
ference, inasmuch as parathion preferentially inhib-
its RBC-ChE in rats and the plasma enzyme in
dogs.?

The nerve agent VX preferentially inhibits RBC-
ChE; in two studies,*** a small amount caused a
70% or greater decrease in the activity of this en-
zyme, whereas the activity of BUChE was inhibited
by no more than 20%. Sarin also preferentially in-
hibits the RBC-ChE; 80% to 100% inhibition of RBC-
ChE activity was observed in two studies,**® while
BuChE was inhibited by 30% to 50%. Therefore, es-
timation of the RBC-ChE activity provides a better
indicator of acute nerve agent exposure than does
estimation of the plasma enzyme activity.

When the blood enzymes have been irreversibly
inhibited, recovery of ChE activity depends on pro-
duction of new plasma enzymes or production of
new erythrocytes. Hence, complete recovery of
BuChE activity that has been totally inhibited by
sarin will occur in about 50 days, and recovery of
the RBC-ChE, in 120 days (about 1% per day).* In
humans, after inhibition by VX, the RBC-ChE ac-
tivity seems to recover spontaneously at the rate of
about 0.5% to 1% per hour for a few days, but com-
plete recovery depends on erythrocyte produc-
tion. 42

Time Course of Inhibition. After very large
amounts of nerve agent (multiple LDggs [ie, mul-
tiples of the dose that is lethal to 50% of the exposed
population]) are placed on the skin, signs and symp-
toms occur within minutes, and inhibition of blood
ChE activities occurs equally quickly. However,
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with smaller amounts of agent, the onset is not so
rapid. In studies in which small amounts of VX were
applied on the skin of humans, the onset of symp-
toms and the maximal inhibition of blood ChE
activity were found to occur many hours after ap-
plication of the agent. In one study* in which equi-
potent amounts of VX were applied to the skin in
different regions, the time to maximal inhibition
was 5 hours for the head and neck, 7 hours for
the extremities, and 10 hours for the torso. In a
similar study,® the average time from placing VX
on the skin to the onset of nausea and vomiting and
maximal drop of blood ChE activity was 10.8
hours.

In a third study,* VX was applied to the cheek
or forearm at environmental temperatures ranging
from 0°F to 124°F, and 3 hours later the subjects were
decontaminated and taken to a recovery area (about
80°F). In all temperature groups, the RBC-ChE ac-
tivity continued to decline after decontamination,
and maximal inhibition occurred at 5.6 hours after
exposure at 124°F, 8.5 hours after exposure at 68°F,
10.4 hours after exposure at 36°F, and 12.2 hours
after exposure at 0°F. At the two lowest tempera-
tures, the rates of agent penetration and of decline
in RBC-ChE activity increased after the subjects
were taken from the cold environment and decon-

TABLE 5-1

RELATION OF EFFECTS OF NERVE AGENT
EXPOSURE TO ERYTHROCYTE
CHOLINESTERASE ACTIVITY

Table 5-1 is not shown because the copyright permis-
sion granted to the Borden Institute, TMM, does not al-
low the Borden Institute to grant permission to other
users and/or does not include usage in electronic me-
dia. The current user must apply to the publisher named
in the figure legend for permission to use this illustra-
tion in any type of publication media.

Adapted with permission from Sidell FR. Clinical considerations
in nerve agent intoxication. In: Somani SM, ed. Chemical War-
fare Agents. New York, NY: Academic Press; 1992: 163.



taminated. These results suggest that agent absorp-
tion through the skin is more rapid and complete
at higher temperatures, and that even after thor-
ough decontamination, a considerable amount of
agent remains in the skin to be absorbed.

Inhalation of nerve agent vapor inhibits blood
ChE activity and produces signs and symptoms of
exposure more rapidly than does dermal contact.
Although there is no correlation between ChE ac-
tivity and clinical effects after exposure to small
amounts of vapor, both clinical effects and ChE in-
hibition occur within minutes. In one study,* both
the maximal inhibition of RBC-ChE activity and the
appearance of signs and symptoms occurred about
1 hour after intravenous administration of small
amounts of VX. After ingestion of VX, the interval
was 2 to 3 hours.

Relation to Signs and Symptoms. The local signs
and symptoms in the eye, nose, and airways caused
by small amounts of vapor are due to the direct ef-
fect of the vapor on the organ; no correlation be-
tween the severity of these effects and the blood
ChE activity seems to exist. These early experimen-
tal data** indicating the lack of correlation were
supported by a retrospective analysis of 62 indi-
viduals seen at the Edgewood Arsenal Toxic Expo-
sure Aid Station between 1948 and 1972. Although
all individuals had physical signs or definite symp-
toms (or both) of nerve agent vapor exposure, there
was no correlation between local effects from va-
por exposure and RBC-ChE activity (Table 5-1).%

Minimal systemic effects, such as vomiting, oc-
cur in half the population when the RBC-ChE is
inhibited to 25% of its control activity.** In a
study* in which VX was placed on the skin, no
vomiting occurred in 30 subjects whose minimal
RBC-ChE activities were 40% of control or higher.
Vomiting occurred in 9 (43%) of 21 subjects whose
minimal RBC-ChE activities were 30% to 39% of
control, in 10 (71%) of 14 subjects whose minimal
enzyme activities were 20% to 29% of control, and
in 3 (60%) of 5 subjects whose minimal RBC-ChE
activities were 0% to 19% of control. In other in-
stances, patients had an RBC-ChE activity of 0%
without the expected symptoms; this inhibition was
acutely induced (personal observation).

Table 5-2 categorizes data from 283 individuals
(data are from published sources***? and unpub-
lished research) who received VX by various routes;
the numbers of subjects, the activity ranges of RBC-
ChE, and the numbers and percentages of those who
vomited are shown. The degree of inhibition needed
to cause vomiting in these 283 people corresponds
to that found in experimental data from other
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TABLE 5-2

RELATION OF CHOLINESTERASE ACTIVITY
TO VOMITING AFTER EXPOSURE TO VX

Table 5-2 is not shown because the copyright permis-
sion granted to the Borden Institute, TMM, does not al-
low the Borden Institute to grant permission to other
users and/or does not include usage in electronic me-
dia. The current user must apply to the publisher named
in the figure legend for permission to use this illustra-
tion in any type of publication media.

Adapted with permission from Sidell FR. Clinical considerations
in nerve agent intoxication. In: Somani SM, ed. Chemical War-
fare Agents. New York, NY: Academic Press; 1992: 163.

sources, which indicate that “to exert significant
actions in vivo, an anti-ChE must inhibit from 50%
to 90% of the enzyme present.” (P40

Nerve Agents

Molecular models of the nerve agents tabun,
sarin, soman, and VX are shown in Figure 5-3. Table
5-3 summarizes the chemical, physical, environ-
mental and biological properties of these com-
pounds.

Nerve agents differ from commonly used ChE
inhibitors primarily because they are more toxic (ie,
a smaller amount is needed to cause an effect on an
organism). For example, an in vitro study*® with
ChE from human erythrocytes, brain, and muscle
showed that sarin had about 10-fold more inhibi-
tory activity than TEPP, 30-fold more than neostig-
mine, 100-fold more than DFP, and 1,000-fold more
than parathion.

The vapor or aerosol exposure (the product of
concentration [C] and time [t]) needed to cause
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Fig. 5-3. Molecular models of (a) tabun (GA), (b) sarin (GB), (¢) soman (GD), and (d) VX. Molecular models: Cour-
tesy of Offie E. Clark, US Army Medical Research Institute of Chemical Defense, Aberdeen, Md.
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TABLE 5-3

Nerve Agents

CHEMICAL, PHYSICAL, ENVIRONMENTAL, AND BIOLOGICAL PROPERTIES OF NERVE AGENTS

Properties Tabun (GA) Sarin (GB) Soman (GD) VX
Chemical and Physical
Boiling Point 230°C 158°C 198°C 298°C

Vapor Pressure
Density:

Vapor (compared to
air)

Liquid
Volatility

Appearance

Odor

Solubility:
In Water
In Other Solvents

Environmental and
Biological

Detectability:
Vapor

Liquid
Persistency:

In Soil
On Materiel
Decontamination of
Skin

Biologically Effective
Amount:

Vapor

Liquid

0.037 mm Hg at 20°C

5.6

1.08 g/mL at 25°C

610 mg/m3 at 25°C

Colorless to brown
liquid

Fairly fruity

9.8 /100 g at 25°C

Soluble in most
organic solvents

MB8A1, M256A1,
CAM, ICAD

M8, M9 paper

Half-life 1-1.5d
Unknown

M258A1, diluted
hypochlorite, soap
and water, M291 kit

LCtg.

400 mgemin/m3
LDg (skin):

1.0 g/70-kg man

2.1 mm Hg at 20°C

4.86
1.10 g/mL at 20°C
22,000 mg/m3 at 25°C

Colorless liquid

No odor

Miscible
Soluble in all solvents

MB8AL, M256A1,
CAM, ICAD

M8, M9 paper

2-24 h at 5°C-25°C
Unknown
M258A1, diluted

hypochlorite, soap
and water, M291 kit

LCtgy:

100 mgemin/m3
LDg (skin):

1.7 g/70-kg man

0.40 mm Hg at 25°C

6.3
1.02 g/mL at 25°C
3,900 mg/m3 at 25°C

Colorless liquid

Fruity; oil of camphor

2.1 g/100 g at 20°C
Soluble in some solvents

MB8A1L, M256A1, CAM,
ICAD

M8, M9 paper

Relatively persistent
Unknown
M258A1, diluted

hypochlorite, soap and
water, M291 kit

LCtgy:

50 mgemin/m?3
LDg (skin):

350 mg/70-kg man

0.0007 mm Hg at 20°C

9.2
1.008 g/mL at 20°C
10.5 mg/m3at 25°C

Colorless to straw-
colored liquid

Odorless

Miscible < 9.4°C
Soluble in all solvents

MB8AL, M256A1, CAM,
ICAD

M8, M9 paper

2-6d
Persistent
M258A1, diluted

hypochlorite, soap
and water, M291 kit

LCtgy:

10 mgemin/m3
LDg (skin):

10 mg/70-kg man

CAM: chemical agent monitor; ICAD: individual chemical agent detector; LCtg,: vapor or aerosol exposure necessary to cause
death in 50% of the population exposed; LDg,: dose necessary to cause death in 50% of the population with skin exposure; M8A1:
chemical alarm system; M256A1: detection card; M258A1: self-decontamination kit; M291: decontamination kit; M8 and M9: chemical

detection papers

death in 50% of the exposed population is known
as the LCtg, (Exhibit 5-2); the estimated LCtgys for
humans for these four agents are as follows:

= for tabun vapor, 400 mgemin/ms3,
= for sarin vapor, 100 mgemin/m3,

= for soman vapor, 50 mgemin/m3, and

= for VX vapor, 10 mgemin/m3,

In comparison, the estimated LCtz, for hydrogen
cyanide is 2,500 to 5,000 mgemin/ms3,

The estimated percutaneous LDxgs for the four
compounds are as follows:

= for tabun, 1,000 mg,
= for sarin, 1,700 mg,
= for soman, 350 mg, and
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EXHIBIT 5-2
DEFINITIONS OF Ct, LCtg, AND LD

For comparative purposes, the terms Ct and LCtg, are often used to express the dose of a vapor or aerosol.
However, the terms do not describe inhaled doses; they actually describe the amount of compound to which
an organism is exposed.

The term Ct is used to describe an estimate of dose. C represents the concentration of the substance (as
vapor or aerosol) in air (usually expressed as mg/m3) and t represents time (usually expressed in minutes).

The Ct value is the product of the concentration (C) to which an organism is exposed multiplied by the time
(t) during which it remains exposed to that concentration. Ct does not express the amount retained within
an organism; thus, it is not an inhalational dose.

Since Ct is a product of C = t, a particular value can be produced by inversely varying the values of C and
t. The Ct to produce a given biological effect is usually constant over an interval of minutes to several hours
(Haber’s Law). Thus, an effect that is produced by an exposure to 0.05 mg/m3 for 100 minutes is
also produced by an exposure to 5 mg/m3 for 1 minute (Ct =5 mgemin/m3 in both cases). This generaliza-
tion usually is not valid for very short or very long times, however. The organism may hold its breath for
several seconds and not actually inhale the vapor; over many hours, some detoxification may occur in the
organism.

The term LCtg is often used to denote the vapor or aerosol exposure (Ct) necessary to cause death in 50% of
the population exposed (L denotes lethal, and 50 denotes 50% of the population). In the same manner, the
term LDy is used to denote the dose that is lethal for 50% of the population exposed by other routes of

administration.

e for VX, 6 to 10 mg.

VX has a much lower LD, because it is much less
volatile and remains intact on the skin, whereas the
other nerve agents will evaporate unless covered
(eg, by clothing).®® Different sources provide dif-
ferent estimates for these LDy and LCtgq values;
however, those noted above seem to be the most
commonly accepted.

The four nerve agents are liquid at moderate tem-
peratures; thus, the term “nerve gas” is a misno-

mer. In their pure state, they are clear, colorless, and,
at least in dilute solutions of distilled water, taste-
less. Tabun has been reported to have a faint,
slightly fruity odor, and soman, to have an ill-de-
fined odor; sarin and VX are apparently odorless.

The G agents are volatile; VX has very low vola-
tility. Sarin, the most volatile, is somewhat less vola-
tile than water; tabun and soman are less volatile
than sarin. The G agents present a definite vapor
hazard; VX is much less likely to unless the ambi-
ent temperature is high.

EXPOSURE ROUTES

Inhalational Exposure to Vapor

The effects produced by nerve agent vapor be-
gin in seconds to minutes after the onset of expo-
sure, depending on the concentration of vapor.
These effects usually reach maximal severity within
minutes after the individual is removed from or
protected from the vapor or may continue to worsen
if the exposure continues. There is no delay in on-
set as there is after liquid exposure.

At low Cts, the eyes, nose, airways, or a combi-
nation of these organs are usually affected. The eyes
and nose are the most sensitive organs; the eyes may
be affected equally or unequally. There may be some
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degree of miosis (with or without associated con-
junctival injection and pain) with or without rhi-
norrhea, or there may be rhinorrhea without eye in-
volvement (Table 5-4).

As exposure increases slightly, the triad of eye,
nose, and lung involvement is usually seen. The
casualty may or may not notice dim vision and may
complain of “tightness in the chest.” “Tightness in
the chest” may occur in the absence of physical find-
ings. At higher exposures, the effects in these or-
gans intensify. Marked miosis, copious secretions
from the nose and mouth, and signs of moderate-
to-severe impairment of ventilation are seen. The
casualty will complain of mild-to-severe dyspnea,



TABLE 5-4

Nerve Agents

EFFECTS OF EXPOSURE TO NERVE AGENT VAPOR

Table 5-4 is not shown because the copyright permission granted to the Borden Institute, TMM, does not allow the
Borden Institute to grant permission to other users and/or does not include usage in electronic media. The current
user must apply to the publisher named in the figure legend for permission to use this illustration in any type of

publication media.

Adapted with permission from Sidell FR. Clinical considerations in nerve agent intoxication. In: Somani SM, ed. Chemical Warfare

Agents. New York, NY: Academic Press; 1992: 173.

may be gasping for air, and will have obvious se-
cretions.

In severe exposures, the casualty may not have
time to report the initial effects before losing con-
sciousness, and may not remember them on awak-

TABLE 5-5

ening. One severely exposed individual later re-
called that he noticed an increase in secretions and
difficulty in breathing, and another said he felt
giddy and faint before losing consciousness. In both
instances, the casualties were unconscious within

EFFECTS OF DERMAL EXPOSURE TO LIQUID NERVE AGENTS

Table 5-5 is not shown because the copyright permission granted to the Borden Institute, TMM, does not allow the
Borden Institute to grant permission to other users and/or does not include usage in electronic media. The current
user must apply to the publisher named in the figure legend for permission to use this illustration in any type of

publication media.

Adapted with permission from Sidell FR. Clinical considerations in nerve agent intoxication. In: Somani SM, ed. Chemical Warfare

Agents. New York, NY: Academic Press; 1992: 175.
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less than a minute after exposure to agent vapor.
When reached (within minutes) by rescuers, both
were unconscious and exhibited convulsive jerking
motions of the limbs; copious secretions from the
mouth and nose; very labored, irregular, and gasp-
ing breathing; generalized muscular fasciculations;
and miosis. One developed flaccid paralysis and
apnea a minute or two later. The other received
immediate, vigorous treatment, and his condition
did not progress (personal observation).

Dermal Exposure to Liquid

The early effects of a drop of nerve agent on the
skin and the time of onset of these effects depend
on the amount of nerve agent and several other fac-
tors, such as the site on the body, the temperature,
and the humidity. After a delay during which the
individual is asymptomatic, localized sweating oc-
curs at the site of the droplet; less commonly, there
are localized fasciculations of the underlying
muscle (Table 5-5). Unless the amount of the nerve

agent is in the lethal range, the next effects (or
perhaps the first effects, if the sweating and fascicu-
lations do not occur or are not noticed) are gas-
trointestinal: nausea, vomiting, diarrhea, or a com-
bination of these symptoms. The casualty may
notice generalized sweating and complain of tired-
ness or otherwise feeling ill. There may be a period
of many hours between exposure and the appear-
ance of symptoms and signs. These signs and symp-
toms might occur even if the casualty has been de-
contaminated.*

After large exposures, the time to onset of effects
may be much shorter than for smaller exposures and
decreases as the amount of agent increases. For in-
stance, two individuals were decontaminated
within minutes of exposure to a drop of nerve agent.
There was a 15- to 20-minute, asymptomatic inter-
val before the precipitant onset of effects: collapse,
loss of consciousness, convulsive muscular jerks,
fasciculations, respiratory embarrassment, and copi-
ous secretions. Within several minutes, flaccid paraly-
sis and apnea occurred in both (personal observation).

EFFECTS ON ORGANS AND ORGAN SYSTEMS

Most of the information on the effects of nerve
agents on organ systems in humans is derived from
studies done in the post-World War Il period, from
reports of people exposed to pesticides, or from
clinical evaluations of accidental exposures of
people who worked in nerve agent-research labo-
ratories, manufacturing facilities, or storage areas
or depots (Table 5-6). Some organ systems have been
studied more intensively than others; for some or-
gan systems there are few human data. For example,
for the musculoskeletal system, there is a plethora
of data from animal studies and studies in isolated
neuromuscular preparations, but study results are
difficult to apply to a human clinical situation.

The Eye

Nerve agents in the eye may cause miosis, con-
junctival injection, pain in or around the eye, and
dim or blurred vision (or both). Reflex nausea and
vomiting may accompany eye exposure. These ef-
fects are usually local, occurring when the eye is in
direct contact with nerve agent vapor, aerosol, or
liquid, but exposure by other routes (such as on the
skin) can also affect the eyes. Because eyes often
react late in the course of intoxication in the latter
case (exposure on the skin), they cannot be relied
on as an early indication of exposure.

Systemic (such as skin or peroral) exposure to a
nerve agent might be large enough to produce mod-
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erate symptoms (nausea, vomiting) without mio-
sis. In studies***** in which VX was placed on the
skin, administered intravenously, or given orally, a
significant number of subjects experienced nausea,
vomiting, sweating, or weakness, but none had
miosis. In 47 patients with parathion poisoning, all
of the 14 severe cases had miosis, whereas 6 of 11
patients with moderate poisoning and only 5 of 22
patients with mild effects had miosis.®* On the other
hand, a vapor or aerosol exposure might cause mio-
sis without other signs or symptoms and an expo-
sure in one eye will cause miosis in that eye (a local
effect because of a mask leak in one eyepiece or
similar causes) without affecting the other eye.

If the eye exposure is not associated with inhala-
tion of the nerve agent, there is no good correlation
between severity of the miosis and inhibition of
RBC-ChE activity. The latter may be relatively nor-
mal or may be inhibited by as much as 100% (see
Table 5-1), so the severity of the miosis cannot be
used as an index of the amount of systemic absorp-
tion of agent or amount of exposure. On the other
hand, an early study®? demonstrated a relationship
between the Ct of sarin and pupil size at the time
of maximal miosis, and the investigator suggested
that the pupil size might be used as an index of the
amount of exposure.

Unilateral miosis is sometimes seen in workers
handling nerve agents or insecticides and usually
occurs because of a small leak in the eyepiece of



TABLE 5-6
EFFECTS OF NERVE AGENTS IN HUMANS

Nerve Agents

Table 5-6 is not shown because the copyright permission granted to the Borden Institute, TMM, does not allow the
Borden Institute to grant permission to other users and/or does not include usage in electronic media. The current
user must apply to the publisher named in the figure legend for permission to use this illustration in any type of

publication media.

Adapted with permission from Sidell FR. Clinical considerations in nerve agent intoxication. In: Somani SM, ed. Chemical Warfare

Agents. New York: Academic Press; 1992: 162.

the protective mask. Again, the RBC-ChE may or
may not be inhibited (see Table 5-1). The unilateral
miosis has no prognostic medical significance.
However, there may be problems with judging dis-
tances (that is, depth perception). This impairment
may cause difficulty in activities such as driving a
car or piloting an airplane, which require stereo-
visual coordination (the Pulfrich stereo effect).?

The onset of miosis may be within seconds to
minutes of the start of exposure; if the concentra-
tion of agent vapor or aerosol is quite low, maxi-
mal miosis may not occur until an hour or longer
following exposure. The duration varies according to
the amount of agent. The pupils may regain their abil-
ity to react to normal levels of indoor lighting within
several days after exposure, but their ability to dilate
maximally in total darkness may not return for as long
as 9 weeks (Figure 5-4 and Exhibit 5-3).18%

The effects of nerve agents on vision have been
studied for decades. Characteristically, an unpro-
tected individual exposed to nerve agent will have
the signs discussed above and may complain of dim
vision, blurred vision, or both.

Light Reduction

Dim vision is generally believed to be related to
the decrease in the amount of light reaching the
retina because of miosis. In a study® in which mio-
sis was induced in one eye by instillation of sarin,
the decrease in visual sensitivity correlated with the
reduction in the area of pupillary aperture. Fifty-
three subjects accidentally exposed to G agents re-
ported improvements in dim vision before the
miosis improved, which suggests that factors
other than a small pupil are responsible for the high
light threshold.® In another study,* however,
no change in visual threshold was measured after
miosis was induced by instillation of sarin onto the
eye; the light threshold increased after systemic
administration of sarin vapor with the eyes pro-
tected, so that no miosis occurred. The threshold
was reduced to normal following systemic admin-
istration of atropine sulfate (which enters the CNS),
but not after administration of atropine methyl-
nitrate (which does not enter the CNS).*” The au-
thors suggested that the dimness of vision was due
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Figure 5-4 is not shown because the copyright permission granted to
the Borden Institute, TMM, does not allow the Borden Institute to grant
permission to other users and/or does not include usage in electronic
media. The current user must apply to the publisher named in the figure
legend for permission to use this illustration in any type of publication

|
|
|
|
|
|
|
|
|
|
|
|
|
I media.
|
|
|
|
|
|
|
|
|
|
|
|
|
|

to neural mechanisms in the retina or elsewhere in
the CNS.

Although the dim vision reported by persons
exposed to nerve agent vapor is generally ascribed
to miosis, the above accounts suggest that more-
central neural mechanisms may have equal or
greater importance. In the case of the carbamate
physostigmine, an increase in light sensitivity (a
decreased threshold) after intramuscular adminis-
tration of the drug has been reported.*® However,
carbamates may differ from nerve agents in their
effects on vision.

Regardless of its cause, reduction in visual sen-
sitivity impairs those who depend on vision in dim
light: individuals who watch a tracking screen,
monitor visual displays from a computer, or drive
a tank in the evening or at night. As a practical
matter, anyone whose vision has been affected by
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| Fig. 5-4. This man was accidentally

| exposed to an unknown amount of
nerve agent vapor. The series of pho-

| tographs shows his eyes gradually re-

| covering their ability to dilate. All

| photographs were taken with an elec-
tronic flash (which is too fast for the

| pupil to react) after the subject had

| been sitting in a totally dark room for

| 2 minutes. These photographs were

| taken (from top to bottom) at 3, 6, 13,
20, 41, and 62 days after the exposure.

| XPo

| Subsequent photographs indicate
that the eyes did not respond fully to

| darkness for 9 weeks; maximal dila-

| tion was reached on day 62 after the
exposure. Reprinted with permission

p Reprinted with issi

| from Sidell FR. Soman and sarin:

| Clinical manifestations and treatment
of accidental poisoning by organo-
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exposure to a nerve agent should not be allowed to
drive in dim light or in darkness.

Visual Acuity

Persons exposed to nerve agents sometimes com-
plain of blurred as well as dim vision. In one study,*
visual acuity was examined in six subjects before
and after exposure to sarin vapor at a Ct of 15
mgemin/m3. Near visual acuity was not changed
in any of the six after exposure and was worsened
after an anticholinergic drug (cyclopentolate) was
instilled in the eyes. Far visual acuity was un-
changed after sarin exposure in five of the six sub-
jects and was improved in the sixth, who nonetheless
complained that distant vision was blurred after sarin.

Two presbyopic workers who were accidentally
exposed to sarin had improved visual acuity for days
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EXHIBIT 5-3

CASE REPORT: EXPOSURE OF THREE MEN TO SARIN

illustration in any type of publication media.
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after exposure. As the effects of the agent decreased,
their vision returned to its previous state; in each case,
this took about 35 days.* The author suggested, as
others have previously, that miosis accounted for the
improvement in visual acuity (the pinhole effect).

Eye Pain

Eye pain may accompany miosis, but the re-
ported incidence varies. A sharp pain in the eye-
ball or an aching pain in or around the eyeball is
common. A mild or even severe headache (unilat-
eral if the miosis is unilateral) may occur in the fron-
tal area or throughout the head. This pain is prob-
ably caused by ciliary spasm and is worsened by
looking at bright light, such as the light from a
match a person uses to light a cigarette (the “match
test”). Sometimes this discomfort is accompanied
by nausea, vomiting, and malaise.

Local instillation of an anticholinergic drug such
as atropine or homatropine usually brings relief
from the pain and systemic effects (including the
nausea and vomiting), but because these drugs
cause blurring of vision, they should not be used
unless the pain is severe.*

The Nose

Rhinorrhea is common after both local and sys-
temic nerve agent exposure. It may occur soon af-
ter exposure to a small amount of vapor and some-
times precedes miosis and dim vision, or it may
occur in the absence of miosis. Even a relatively
small exposure to vapor may cause severe rhinor-
rhea. One exposed worker compared the nasal se-
cretions to the flow from a leaking faucet, and an-
other said that they were much worse than those
produced by a cold or hay fever (personal observa-
tion).

Rhinorrhea also occurs as part of an overall,
marked increase in secretions from glands (salivary,
pulmonary, and gastrointestinal) that follows a se-
vere systemic exposure from liquid on the skin
and, under this circumstance, becomes a second-
ary concern to both the casualty and the medical
care provider.

Pulmonary System

After exposure to a small amount of nerve agent
vapor, individuals often complain of a tight chest
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(difficulty in breathing), which is generally attrib-
uted to spasm or constriction of the bronchiolar
musculature. Secretions from the goblet and other
secretory cells of the bronchi also contribute to the
dyspnea. Exposure to sarin ata Ct of 5 to 10
mge=min/m3 will produce some respiratory discom-
fort in most individuals, with the discomfort and
severity increasing as the amount of agent increases.

Several decades ago, investigators attempted to
characterize pulmonary impairment caused by ex-
posure to nerve agents by performing pulmonary
function studies (such as measurements of vital ca-
pacity and maximal breathing capacity) on subjects
exposed to small amounts of sarin vapor (the Ct
values for sarin ranged up to 19.6 mgemin/m3).%
Some observers found increases in airway resis-
tance® and other changes, while other researchers
did not.*

Although these studies yielded conflicting re-
sults, clinical practitioners have found that the in-
halation of nerve agent vapor or aerosol causes
dyspnea and pulmonary changes that usually are
audible on auscultation. These changes are notice-
able after low Ct exposures (5-10 mgemin/m3) and
intensify as the Ct increases. The pulmonary effects
begin within seconds after inhalation. If the amount
inhaled is large, the effects of the agent include se-
vere dyspnea and observable signs of difficulty with
air exchange, including cyanosis.

If the amount of the inhaled agent is small, a ca-
sualty may begin to feel better within minutes af-
ter moving into an uncontaminated atmosphere,
and may feel normal in 15 to 30 minutes. It was not
uncommon, for example, for individuals who had
not received atropine or other assistance to arrive
at the Edgewood Arsenal Toxic Exposure Aid Sta-
tion about 15 to 20 minutes after exposure and re-
port that their initial, severe trouble in breathing
had already decreased markedly (personal obser-
vation). If the exposure was larger, however, relief
was likely to come only after therapeutic interven-
tion, such as administration of atropine.

Attempts to aid ventilation in severely poisoned
casualties can be greatly impeded by constriction
of the bronchiolar musculature and by secretions.
One report® mentions thick mucoid plugs that ham-
pered attempts at assisted ventilation until the
plugs were removed by suction. Atropine may con-
tribute to the formation of this thicker mucus be-
cause it dries out the thinner secretions.

A severely poisoned casualty becomes totally
apneic and will die as a result of ventilatory fail-
ure, which precedes collapse of the circulatory sys-
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tem. Many factors contribute to respiratory failure,
including obstruction of air passages by broncho-
constriction and secretions; weakness followed by
flaccid paralysis of the intercostal and diaphrag-
matic musculature, which is needed for ventilation;
and a partial or total cessation of stimulation to the
muscles of respiration from the CNS, indicating a
defect in central respiratory drive.

Older data on the relative contributions of each
of these factors in causing death were summarized
in a report® describing original studies in nine spe-
cies. The authors concluded that central respiratory
failure appeared to dominate in most species, but
its overall importance varied with the species, the
agent, and the amount of agent. For example, un-
der the circumstances of the studies, failure of the
central respiratory drive appeared to be the major
factor in respiratory failure in the monkey, whereas
bronchoconstriction appeared early and was severe
in the cat. The authors of another report® suggest
that the presence of anesthesia, which is used in
studies of nerve agent intoxication in animals, and
its type and depth are also factors in establishing
the relative importance of central and peripheral
mechanisms.

In another study,® bronchoconstriction seen in
the dog after intravenous sarin administration was
quite severe compared with that found in the mon-
key (however, the dog is known to have thick air-
way musculature). Differences in circulatory and
respiratory effects were seen between anesthetized
and unanesthetized dogs given sarin.®” Convulsions
and their associated damage were not seen in the
anesthetized animals. In this study, there were no
significant differences in the cardiovascular and
respiratory effects when the agent was given intra-
venously, percutaneously, or by inhalation. In a
study® of rabbits poisoned with sarin, bronchocon-
striction appeared to be a minor factor, while neu-
romuscular block (particularly at the diaphragm)
and central failure were the primary factors in res-
piratory failure.

In a recent review® describing studies in anes-
thetized cats given tabun, sarin, soman, or VX, the
loss of central respiratory drive was found to be the
predominant cause of respiratory failure with each
of the agents, and the contribution of bronchocon-
striction was apparently insignificant (in contrast
to the severe bronchoconstriction noted in the ear-
lier study®). Thus, respiratory failure was the pre-
dominant cause of death in the species studied in-
asmuch as significant cardiovascular depression
occurred only after cessation of respiration.®®



When atropine was administered in adequate
amounts before the failure of circulation, it reversed
the central depression and bronchoconstriction but not
the neuromuscular block, a finding that might be ex-
pected, because the neuromuscular effects of poison-
ing with these nerve agents occur at a nicotinic site.5*®

In a recent study,™ pyridostigmine, a drug cur-
rently fielded as a pretreatment, was administered
to primates, which then were exposed to a nerve
agent and given the standard therapeutic drugs,
atropine and 2-pyridine aldoxime methyl chloride
(2-PAM Cl, also called 2-pralidoxime chloride; pyr-
idine-2-aldoxime methyl chloride; 2-formyl-1-
methylpyridinium chloride; Protopam chloride,
manufactured by Wyeth-Ayerst Laboratories, Phila-
delphia, Pa; see section below on oximes). Pyrido-
stigmine does not appear to enter the CNS because
it is a quaternary compound and thus would not
be expected to protect central sites of respiratory
stimulation against the effects of a nerve agent. The
pretreated animals continued to breathe, however,
in contrast to controls that did not receive pyrido-
stigmine pretreatment but were otherwise treated
in the same manner.

The results of this study suggest that pyridostig-
mine protects against the cessation of respiration.
Since pyridostigmine appears not to enter the
CNS, this suggests that peripheral mechanisms
of breathing (skeletal muscles and airways) must
predominate in sustaining breathing. Alternatively,
the blood-brain barrier may change in the presence
of a nerve agent (as with other types of poisoning
or hypoxia) to allow the penetration of drugs it
otherwise excludes. For example, when 2-PAM ClI,
which is also a quaternary compound, is adminis-
tered to animals poisoned with a ChE inhibitor,
it can be found in their CNS, but it is not found in
the brains of normal animals after they receive
2-PAM CIL.™

Skeletal Musculature

The neuromuscular effects of nerve agents have
been the subject of hundreds of studies since nerve
agents were first synthesized in 1936. Much of our
information on the mechanism of action of nerve
agents and potential therapeutic measures has come
from these studies. Because this chapter is prima-
rily concerned with clinical effects of nerve agent
poisoning, a comprehensive review of these stud-
ies is not presented here.

The effects of nerve agent intoxication on skel-
etal muscle are caused initially by stimulation of
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muscle fibers, then by stimulation of muscles and
muscle groups, and later by fatigue and paralysis of
these units. These effects on muscle may be described
as fasciculations, twitches (or jerks), and fatigue.

Fasciculations are the visible contractions of a
small number of fibers innervated by a single mo-
tor nerve filament. They appear as ripples under
the skin. They can occur as a local effect at the site
of a droplet of agent on the skin before enough agent
is absorbed to cause systemic effects. They also can
appear simultaneously in many muscle groups af-
ter a large systemic exposure. A casualty who has
sustained a severe exposure will have generalized
fasciculations, a characteristic sign of poisoning by
a ChE inhibitor; typically, fasciculations will con-
tinue long after the patient has regained conscious-
ness and has voluntary muscle activity.

After a severe exposure, there are intense and
sudden contractions of large muscle groups, which
cause the limbs to flail about or momentarily be-
come rigid or the torso to arch rigidly in hyperex-
tension. Whether these movements, which have
been described as convulsive jerks, are part of a
generalized seizure or originate lower in the ner-
vous system is unclear. Occasionally, these distur-
bances may be a local effect on the muscle groups
below or near the site of exposure—for instance, the
marked trismus and nuchal rigidity in an individual
who pipetted soman into his mouth (Exhibit 5-4).%
After several minutes of hyperactivity (fascicula-
tions or twitching), the muscles fatigue and flaccid
paralysis occurs. This, of course, stops convulsive
activity and respiration.

Central Nervous System and Behavior

Behavioral and psychological changes in humans
exposed to ChE-inhibiting substances have been
discussed in numerous reports. The incidence of
psychological effects is higher in individuals who
have had more severe exposures to nerve agents,
but they may occur—probably more frequently than
is commonly recognized—in individuals who have
received a small exposure and have no or minimal
physical signs or symptoms. Although the effects
may begin as late as 1 day after exposure, they usu-
ally start within a few hours and last from several
days to several weeks. Common complaints include
feelings of uneasiness, tenseness, and fatigue. Ex-
posed individuals may be forgetful, and observers
may note that they are irritable, do not answer
simple questions as quickly and precisely as usual,
and generally display impaired judgment, poor
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EXHIBIT 5-4
CASE REPORT: ACCIDENTAL EXPOSURE OF A MAN TO LIQUID SOMAN

Exhibit 5-4 is not shown because the copyright permission granted to the Borden Institute, TMM, does not
allow the Borden Institute to grant permission to other users and/or does not include usage in electronic
media. The current user must apply to the publisher named in the figure legend for permission to use this
illustration in any type of publication media.
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Exhibit 5-4 (continued)

Exhibit 5-4 continued is not shown because the copyright permission granted to the Borden Institute,
TMM, does not allow the Borden Institute to grant permission to other users and/or does not include usage
in electronic media. The current user must apply to the publisher named in the figure legend for permis-
sion to use this illustration in any type of publication media.

Quoted with permission from Sidell FR. Soman and sarin: Clinical manifestations and treatment of accidental poisoning by
organophosphates. Clin Toxicol. 1974;7(1):2-6.
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comprehension, decreased ability to communicate,
or occasional mild confusion. Gross mental aberra-
tions, such as complete disorientation or hallucina-
tions, are not part of the symptom complex.

Studies of Behavioral and Psychological Changes

In one of the earliest studies of the effects of ChE-
inhibiting substances,* behavioral and psychologi-
cal changes were reported in 49 of 60 subjects (of
whom 50 were normal and 10 had myasthenia
gravis) after daily intramuscular doses (1.5-3.0 mg)
of DFP. Changes were reported about 1 hour after
dose administration. The most prominent CNS ef-
fects reported were excessive dreaming (33 sub-
jects); insomnia (29 subjects); and jitteriness, rest-
lessness, increased tension, emotional lability, and
tremulousness (29 subjects). The authors noted,
without comment, that one subject reported visual
hallucinations. Hallucinations are not mentioned
elsewhere as an effect of ChE inhibitors. Later, simi-
lar effects were reported as sequelae of accidental
exposure to nerve agent poisoning.”

One report® suggests that several workers acci-
dentally exposed to sarin had some behavioral ef-
fects. Another report™ lists “weakness” (actually
tiredness), nervousness, and drowsiness as com-
plaints from 16 of 40 workers accidentally exposed
to small amounts of nerve agent vapor.

In a series® of 49 workers who were accidentally
exposed to sarin or tabun (a total of 53 exposures),
13 workers reported sleep disturbances, 12 reported
mood changes, and 10 reported easy fatigability.
Overall, 51% had CNS effects. The authors pointed
out that the complex of CNS symptoms may not
fully develop until 24 hours after exposure. The data
on blood ChE activities (both RBC-ChE and BuChE)
in these workers were scanty. The individual with
the greatest ChE inhibition, however, had an RBC-
ChE activity of 33% of his personal control value,
which suggests that the exposures were not severe.
No correlation between the presence or severity of
symptoms and the degree of ChE inhibition was
seen, and most of the effects of exposure disap-
peared within 3 days. Systemic atropine was not
given to any of these individuals, which suggests
that therapy is unnecessary if a paucity of physical
signs exists. The authors concluded that mild in-
toxication by nerve agents may cause psychologi-
cal disturbances and that these disturbances might
have serious consequences to the individuals and
to those dependent on their judgment.®

In a series™ of 72 workers exposed to sarin, 2 re-
ported difficulty in concentration, 5 reported men-
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tal confusion, 5 reported giddiness, and 4 reported
insomnia. All but 2 of these individuals were con-
sidered to have been exposed to a small amount of
sarin; these 2 were given 2 mg of atropine intramus-
cularly, and 12 others received atropine orally (0.4-
0.8 mg). RBC-ChE ranged from less than 9% to more
than 100% of the individual’s control activity.

Behavioral changes and whole-blood ChE activi-
ties were reported in another study™ in which VX
was placed on the skin of volunteers. Since VX pref-
erentially inhibits RBC-ChE and has relatively little
effect on BUChE, the decreases in whole-blood ChE
activities were assumed to indicate mainly inhibi-
tion of RBC-ChE. In subjects with whole-blood ChE
activities of 10% to 40% of control (RBC-ChE activi-
ties < 20% of control), 30% reported anxiety, 57%
had psychomotor depression, 57% had intellectual
impairment, and 38% had unusual dreams. Of those
with whole-blood ChE activities of 41% to 80% of
control (RBC-ChE activities of 20%-40% of control),
8% reported anxiety, 4% had psychomotor depres-
sion, 4% had intellectual depression, and 33% had
unusual dreams. Nausea and vomiting were the
other symptoms noted. Some subjects had both psy-
chological and gastrointestinal effects, with onsets
often separated by several hours. Some subjects had
symptoms related to only one organ system.

Overall, the onset of signs and symptoms oc-
curred 3.5 to 18 hours after percutaneous exposure,
and maximal depression in blood ChE occurred 3
to 8 hours after exposure. However, no measure-
ments were taken between 8 and 24 hours, and the
maximal inhibition might have been in this period.
(It is not often recognized that there may be a long
delay between exposure on the skin and onset of
signs or symptoms.) The authors stressed that psy-
chological impairment might occur before the on-
set of other signs or symptoms or might occur in
their absence.”

Although the frequency, onset, and duration of
each reaction were not noted, some of the behav-
ioral effects reported in the VX subjects were fa-
tigue, jitteriness or tenseness, inability to read with
comprehension, difficulties with thinking and ex-
pression, forgetfulness, inability to maintain a
thought trend, a feeling of being mentally slowed,
depression, irritability, listlessness, poor perfor-
mance on serial 7s and other simple arithmetic tests,
minor difficulties in orientation, and frightening
dreams. Illogical or inappropriate trends in lan-
guage and thinking were not noted, nor was there
evidence of conceptual looseness. The investigators
found no evidence of perceptual distortion result-
ing in delusions or hallucinations.



A severe, accidental exposure to soman caused
one person to become depressed, withdrawn, and
subdued, have antisocial thoughts, and sleep rest-
lessly with bad dreams for several days immedi-
ately after the exposure (see Exhibit 5-4)."® He re-
ceived oral doses of scopolamine hydrobromide on
3 of the following 6 days and was given scopola-
mine methylbromide, which does not enter the
CNS, on the other days to mimic the peripheral ef-
fects of the hydrobromide salt, such as dry mouth.
On the hydrobromide days, the subject was more
spontaneous and alert, less depressed, and slept
better; his performance on a simple arithmetic test
also improved. Because scopolamine hydrobromide
is more effective in the CNS than the methylbromide
salt of scopolamine or atropine, it seemed likely that
the drug reversed the CNS effects, at least tempo-
rarily. The subject’s performance on standard psy-
chological tests 16 days after exposure was below
that expected for one of his intellectual capabilities,
but it improved to his expected level of function-
ing when he was tested 4 months later and again at
6 months later when he was discharged from fur-
ther care. The author suggested that the use of sco-
polamine hydrobromide deserves further evalua-
tion in patients who have these lingering effects
while recovering from nerve agent poisoning.

Changes in the ability to perform certain labora-
tory or field tests after exposure to sarin have been
reported. Generally, at the exposures used (Cts of
4-14.7 mge=min/m3), there was some impairment
on tasks requiring vision, hand-eye coordination,
dexterity, response time, comprehension, and judg-
ment.”*”” No decrements were found on physical
tasks ™ (at a Ct of 14.7 mgemin/m3). On a military
field exercise,” most tasks were performed satis-
factorily, if suboptimally, in the daylight. Nighttime
performance, however, was difficult, if not down-
right hazardous.

Electroencephalographic Effects

Information is scanty on the electroenceph-
alographic (EEG) effects in humans who have been
severely poisoned by ChE-inhibiting substances. In
an early study,® DFP, administered intramuscularly
daily, caused EEG changes in 19 of 23 subjects (19
normal, 4 with myasthenia gravis). The changes were

= greater-than-normal variations in potential;

= increased frequency, with increased beta
rhythm; and

< more irregularities in rhythm and the in-
termittent appearance of abnormal waves
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(high-voltage, slow waves; these were most
prominent in the frontal leads).

These changes usually followed the onset of CNS
symptoms, they could be correlated with decreases
of RBC-ChE activity (but not with BUChE de-
creases), and they were decreased or reversed by
atropine 1.2 mg, administered intravenously.

In another study,® the EEG of a subject who was
severely intoxicated with sarin was recorded after
the loss of consciousness but before the onset of
convulsions. The recording showed marked slow-
ing of activity, with bursts of high-voltage,
5-Hz waves in the temporofrontal leads. These
waves persisted for 6 days despite atropine admin-
istration.

In one study® in which subjects were exposed
to smaller amounts of sarin, the EEG changes
coincided with severity of symptoms. With mild
symptoms, there was a slight diminution of volt-
age. Irregularities in rhythm, variation in potential,
and intermittent bursts of abnormal waves (slow,
elevated-voltage waves) occurred with moderate
symptoms. These changes persisted for 4 to 8 days
after the disappearance of symptoms and decreased
somewhat (decreases in voltage, in irregular fre-
quency and potential, and in slow waves) after ad-
ministration of atropine 1 mg, administered intra-
venously.

Long-Term Effects

Long-term effects on the human CNS after poi-
soning with nerve agents or organophosphate in-
secticides have been reported.’®%% These reports are
based on clinical observations, which occasionally
are supported by psychological studies. In general,
the behavioral effects have not been permanent but
have lasted weeks to several months, or possibly
several years.®

Necropsy findings from animal studies suggest
that there are long-lasting or permanent CNS effects
after exposures to lethal or near-lethal amounts of
nerve agents. In one study,® 264 rats were given
approximately 1 LDg, of soman. Some animals died
shortly after agent administration; others were sac-
rificed at intervals up to 39 days. In those surviv-
ing for 39 days, no neurological sequelae were re-
ported. On microscopic examination of the brains
of the deceased animals, neuronal changes similar
to those seen after hypoxic encephalopathy were
found in some animals, but only in those that had
exhibited respiratory distress and repeated or pro-
longed convulsions.
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In another study® with a similar protocol, brains
of rats were examined 15 to 28 days after the ani-
mals were given a single dose of soman. Lesions
were seen in all of the animals that had convulsions,
in three of four that had tremors but not convul-
sions, and in none of the others. The author con-
cluded that the convulsions were not necessary for
the lesions to occur.®

The neuronal degeneration and necrosis seen in
the brains of soman-poisoned rats in another study®
suggested a “hypoxic pattern” or the type of lesion
seen after status epilepticus. The lesions were seen
only in animals that survived prolonged convul-
sions, and the authors surmised that the brain dam-
age was seizure mediated.

Although most studies have been with soman,
similar damage has been reported after exposure
to sarin.®® Also, in one elegant study,® VX was micro-
injected into specific brain regions. The investiga-
tors concluded that neuropathology was not due
to a direct neurotoxic effect of the agents on brain
neurons, that systemic hypoxia is probably not a
mechanism for their toxicity, and that the brain
damage produced by nerve agents is probably sei-
zure mediated.

In addition to having morphologically detectable
brain lesions, animals surviving severe soman in-
toxication have been shown to have decrements in
performance, as measured on a variety of behav-
ioral tests.*** These decrements lasted for about 4
months, when the last survivors were sacrificed.

There is conflicting evidence regarding the pos-
sible role of hypoxia as an etiologic factor in brain
damage following seizure activity—whether this
activity is caused by nerve agents or other factors.
Rats given bicuculline convulsed for 2 hours under
controlled conditions. Those given a lower percent-
age of oxygen in their inspired air to keep the
partial pressure of arterial oxygen (Pao,) close to
50 mm Hg did not have brain lesions, whereas those
with normal air intake and Pao, higher than 128
mm Hg developed brain lesions.*® Although this
evidence does not eliminate the possibility of lo-
calized hypoxic areas in the brain as a factor in nerve
agent-induced damage, it does suggest that sys-
temic hypoxia is not a factor. On the other hand, a
similar study® (hypoxic rats with bicuculline-in-
duced convulsions that lasted 2 h) suggested that
there were slightly more brain lesions in the hypoxic
animals than in normoxic animals.

In studies in which cynomolgus® or rhesus®
monkeys were given nearly lethal amounts of
soman, the animals that convulsed were later found
to have morphologically detectable brain damage.
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Monkeys that were pretreated with pyridostigmine,
given soman, and treated with atropine and 2-PAM
Cl in another study™ had severe and prolonged
tremors and convulsions. Although the survival rate
was much higher than that for the control group,
one might expect that more of the survivors would
have brain lesions because of the prolonged seizure
activity.

In general, in untreated or inadequately treated
nerve agent—poisoned animals, convulsive (and sei-
zure) activity usually stops very shortly after res-
piration ceases. Often these animals die. Occasion-
ally they recover after some degree of apnea, but in
either case, the duration of convulsive and seizure
activity is brief. In a few reported cases of severe
nerve agent intoxication in humans,*®*%# convulsive
activity has also been brief. Animals given adequate
therapy and, in particular, those given pyrido-
stigmine before exposure to the agent are more
likely to recover. They also are more likely to have
long and recurrent convulsive episodes, since res-
piration does not stop. The chance of survival in-
creases but, possibly, at the cost of prolonged or
permanent CNS damage.

Therapy

Diazepam, an anticonvulsant of the benzodiaz-
epine family, has been shown to control soman-in-
duced convulsions in monkeys® and convulsions
induced by other ChE inhibitors in the rabbit."
There have also been anecdotal reports of its effec-
tiveness in controlling convulsions induced by or-
ganophosphate insecticides. In rats, diazepam has
been reported to decrease the frequency of convul-
sions and brain lesions (although, when given with-
out atropine, it did not decrease mortality).* When
given with 2-PAM CI, with or without atropine, di-
azepam reduced the severity, but not the incidence,
of brain lesions in soman-poisoned rats.®

In another study,'™ three groups of monkeys were
given pyridostigmine before soman exposure and
were treated with atropine and 2-PAM CI after ex-
posure. One group was also given diazepam, the
second was given midazolam, and the third (the
control group) was given water. The incidence of
tremors decreased in the anticonvulsant-treated
animals, and convulsions were absent in these
groups. Overall, the brain lesions in the treatment
groups in this study were less severe than those seen
in animals in a previous study® in which animals
had received neither pretreatment nor treatment.
Although the occurrence of brain lesions in most
brain areas was lower in the anticonvulsant-treated



groups than in the control group, the difference was
statistically significant (P <.05) for only one of these
five brain areas studied. Lesions occurred more fre-
quently (P < .05) in the frontal cortex in the diaz-
epam-treated group than in the other groups. The
reason for this finding and its physiological signifi-
cance were not apparent to the investigators.

At a workshop'” on this topic, many investiga-
tors in the field reviewed and discussed findings
and future avenues for research. It was generally
agreed that brain lesions did not occur if convul-
sions lasted less than 45 minutes, and that brain
damage was found if convulsions lasted longer than
45 minutes. This distinction is not apparent in most
reports, which specify only that convulsions were
“prolonged” or “repeated.”

A report'® notes that brain damage after convul-
sions was first reported over a century ago, and that
the relationship between seizure activity and brain
damage has been the subject of numerous studies
in past decades. For example, well-oxygenated rats
had lesions after 30 minutes of flurothyl-induced
convulsions'®; similar results were found using
another volatile convulsant gas in rats.’®® Similarly,
baboons that had convulsions for 82 to 299 minutes
after bicuculline administration had brain dam-
age.’® These and other studies, such as that by
McDonough and associates,® suggest that the brain
damage is not caused by the agent per se, but rather
by the prolonged seizure and associated disturbances.

The efficacy of diazepam in stopping seizures is
generally accepted, and there is evidence that the
drug also reduces brain damage. Rats given
bicuculline had convulsions for 1 hour; the convul-
sions were then terminated with diazepam. Rats
sacrificed 5 minutes later had fewer brain lesions
than did those sacrificed immediately after the ces-
sation of the convulsion. Rats that recovered longer
and were sacrificed 2 hours after termination of the
convulsion had even less brain damage.'”
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Most reports in the clinical literature recommend
stopping the convulsion within 1 hour, using dras-
tic measures, such as hypothermia and barbiturate
coma, if necessary.'® The mortality of status epilep-
ticus (usually defined as a convulsion lasting 60 min,
or a series of convulsions lasting 60 min without
consciousness intervening) is said to be 6% to 30%.
Moreover, twice that number of victims acquire
irreversible neurological deficits as a result of
status epilepticus.’® (In a study of children, perma-
nent deficits were found to occur in 34%.*®) These
data emphasize the need for an effective anticon-
vulsant.

Soldiers are issued three MARK | Kits (Figure 5-5).
Each MARK 1 kit contains two autoinjectors: an
AtroPen containing 2 mg of atropine in 0.7 mL
of diluent, and a ComboPen containing 600 mg
of 2-PAM CI in 2 mL of diluent (autoinjectors and
their contents manufactured by Survival Technol-
ogy, Rockville, Md.). During the Persian Gulf War,
the U.S. military also issued an autoinjector con-
taining 10 mg of diazepam to all military person-
nel. This ComboPen was not intended for self-use,
but rather for use by a buddy when a soldier exhib-
ited severe effects from a nerve agent. The buddy
system was used because any soldier able to self-
administer diazepam does not need it. Medics and
unit lifesavers were issued additional diazepam
autoinjectors and could administer two additional
doses at 10-minute intervals to a convulsing casu-
alty. Current policy states that diazepam is given
following the third MARK | when three MARK |
kits are given at one time. The contents and use of
MARK | Kits are further described throughout this
chapter.

Cardiovascular System

Few data on the cardiovascular effects of nerve
agents in humans exist. In mild-to-moderate intoxi-

Fig. 5-5. The MARK | kit with its
two autoinjectors: the AtroPen
(containing atropine), labeled 1,
and the ComboPen (containing 2-
pyridine aldoxime methyl chlo-
ride, 2-PAM ClI), labeled 2. (a) The
two unused injectors in the safety
clip, and the black carrier. (b) The
used injectors and empty safety
clip.
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cation from nerve agents, blood pressure may be
elevated, presumably because of cholinergic stimu-
lation of ganglia or other factors, such as stress re-
action.

Arrhythmias

After nerve agent exposure, the heart rate may
decrease and some atrial-ventricular (A-V) heart
block (first-, second-, or third-degree) with brady-
cardia (personal observation) may occur because of
the stimulation of the A-V node by the vagus nerve.
In some cases, an increase in heart rate may occur
because of stress, fright, or some degree of hypoxia.
Since the initiation of treatment is of great urgency
in severely intoxicated patients, electrocardiograms
(ECGSs) have not been done before administration
of atropine. However, if possible, an ECG should
be done before drugs are given if the procedure will
not delay therapy. In normal subjects, atropine may
cause a very transient A-V dissociation before the
onset of bradycardia (which precedes the familiar
tachycardia), and ChE-inhibiting substances may
cause bradycardia and A-V block. For reasons noted
above, these transient rhythm abnormalities have
not been recorded in patients with nerve agent in-
toxication. These rhythm disturbances are probably
not important clinically.

Reports of patients exposed to pesticides and the
results of animal studies provide additional infor-
mation about cardiovascular reactions to nerve
agents. In one study,' dogs exposed to lethal
amounts of sarin vapor had idioventricular rhythms
within minutes after exposure; following atropine
therapy, some of the dogs had third- and first-de-
gree heart blocks before a normal rhythm returned.
In another study,* conscious dogs had few cardiac
rhythm changes after sublethal doses (0.25-0.5 LDy,
administered subcutaneously) of VX. Four of five
anesthetized dogs receiving a 1-LDg, dose had
arrhythmias, including first-degree heart block and
premature ventricular complexes; one had torsade
de pointes (a type of ventricular tachycardia). Car-
diac arrhythmias are not uncommon in humans af-
ter organophosphate pesticide poisoning.*?

Dogs were instrumented to examine the cardiac
changes occurring for a month after intravenous
administration of 2 LDy, of soman.™® Atropine and
diazepam were administered shortly after soman
exposure to control seizure activity. During the
study period, there was an increased frequency of
episodes of bradycardia with ventricular escape,
second- and third-degree heart block, and indepen-
dent ventricular activity (single premature beats,
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bigeminy, or runs of ventricular tachycardia).

In a similar study,**rhesus monkeys were given
the standard military regimen of pyridostigmine
before exposure to soman (1 LD, administered in-
tramuscularly), and atropine and 2-PAM CI after the
agent. The monkeys were monitored continuously
for 4 weeks. Except for the period immediately af-
ter agent administration, the incidence of arrhyth-
mias was the same as or less than that observed
during a 2-week baseline period.

Torsade de pointes has been reported after nerve
agent poisoning in animals™*! and after organophos-
phate pesticide poisoning in humans.'* Torsade de
pointes is a ventricular arrhythmia, usually rapid,
of multifocal origin, which on ECGs resembles a
pattern midway between ventricular tachycardia
and fibrillation. It is generally preceded by a pro-
longation of the QT interval, it starts and stops sud-
denly, and it is refractory to commonly used
therapy. It was first described as a clinical entity in
the late 1960s; undoubtedly it was seen but called
by another name in experimental studies with nerve
agents before then.

Ventricular fibrillation, a potentially fatal ar-
rhythmia, has been seen after administration of a
ChE inhibitor and atropine. It can be precipitated
by the intravenous administration of atropine to an
animal that has been rendered hypoxic by admin-
istration of a ChE inhibitor.*****’ Although this com-
plication has not been reported in humans, atropine
should not be given intravenously until the hypoxia
has been at least partially corrected.

Heart Rate

Although it is frequently stated that a patient
intoxicated with a nerve agent will have bradycar-
dia, this is not borne out by clinical data. In a re-
view of the records of 199 patients seen at the
Edgewood Arsenal Toxic Exposure Aid Station for
mild-to-moderate nerve agent exposure (one or more
definite signs or symptoms of nerve agent intoxi-
cation, such as miosis or a combination of miosis
with dim vision or a tight chest), 13 presented with
heart rates less than 64 beats per minute. There were
13 patients with heart rates of 64 to 69 beats per
minute, 63 with heart rates of 70 to 80, 41 with heart
rates of 81 to 89, 38 with heart rates of 90 to 99, and
31 with heart rates higher than 100. A heart rate of
64 to 80 beats per minute is considered normal in
adults.® Thus, 13 patients (6.5%) had low heart
rates, and 110 patients (55%) had high heart rates;
(69 of these patients [35%] had heart rates > 90).

Reports of the heart rates of patients severely



intoxicated by insecticides vary. In a report**® de-
scribing 10 patients (9 of whom had moderate-to-
severe impairment of consciousness), 7 presented
with heart rates over 100 and the other 3 had heart
rates over 90 (5 had a systolic blood pressure of 140
mm Hg or higher, a diastolic blood pressure of 90
mm Hg or higher, or both). In another report,* the
heart rates of 3 unconscious patients were slow (1
had cardiac arrest). In a comprehensive review of
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organophosphate poisoning,® 2 acutely ill, uncon-
scious patients were described; 1 had a heart rate
of 108 beats per minute and the other, 80. The au-
thors of the study pointed out that cardiovascular
function is usually maintained until the terminal
stage and that blood pressure and heart rate in-
crease in the acute stage but may decline later. Heart
rate was not listed in their tabulation of signs and
symptoms.

GENERAL TREATMENT PRINCIPLES

The principles of treatment of nerve agent poi-
soning are the same as they are for any toxic sub-
stance exposure: namely, terminate the exposure;
establish or maintain ventilation; administer an an-
tidote, if one is available; and correct cardiovascu-
lar abnormalities.

Most importantly, medical care providers or res-
cuers must protect themselves from contamination.
If the caregiver becomes contaminated, there will
be one more casualty and one fewer rescuer. Pro-
tection of the rescuer can be achieved by physical
means, such as masks, gloves, and aprons, or by
ensuring that the casualty has been thoroughly de-
contaminated. The importance of casualty decon-
tamination should be obvious, but, unfortunately,
it is often forgotten or overlooked. There were re-
ports that in several instances during the Iran-Iraq
War (1981-1988), incompletely decontaminated
mustard casualties who were transported to Euro-
pean medical centers for further care caused con-
tamination of others, who then also became casual-
ties.

This section discusses the general principles of
treating nerve agent poisoning. The specific treat-
ment of casualties in the six exposure categories
(suspected, minimal, mild, moderate, moderately
severe, and severe) is addressed in the next section.

Terminating the Exposure
Decontamination is performed for two reasons:

1. to prevent further absorption of the agent
by the casualty or further spread of the
agent on the casualty, and

2. to prevent spread of the agent to others,
including medical personnel, who must
handle or who might come into contact
with the casualty.

Because of the small amount of nerve agent needed
to cause death and because of the short time (10-15

min) in which a lethal amount will cause severe ef-
fects in an untreated casualty, it is unlikely that a
living nerve agent-poisoned casualty with nerve
agent on his skin will be brought to a medical care
facility. To successfully reduce damage to the casu-
alty, decontamination must be performed within
minutes after exposure. The only decontamination
that prevents or significantly reduces damage from
a chemical agent, whether a nerve agent or another
agent, is that done within the first several minutes:
self-decontamination.

The importance of rapid self-decontamination
cannot be overemphasized and must be clearly un-
derstood by anyone who might be exposed to
chemical agents. Because the skin absorbs most
chemical agents rapidly and because of evapora-
tion (even “persistent” agents, such as VX and mus-
tard, evaporate from skin rather quickly), it is un-
likely that there will be a significant amount of
agent on the skin by the time the casualty reaches a
medical treatment facility. However, agent may be
in areas, such as in hair or on clothing, where it will
not be readily absorbed percutaneously. Skin decon-
tamination is not necessary after exposure to nerve agent
vapor.

If vapor is the only exposure source, the expo-
sure can be terminated by putting a protective mask
on the casualty or by moving him to an environ-
ment free of toxic vapor (eg, by moving the casu-
alty outside and sealing the doors if the vapor is in
aroom or building). The standard M40 (or M17A2)
protective mask will protect against any likely field
concentration of nerve agent vapor for days.

Liquid agent on the skin or clothing should be
physically removed and detoxified by chemical
degradation or neutralization. Nerve agents pen-
etrate clothing; mere removal of contaminated ap-
parel is not adequate since some agents may reach
the skin before the clothing is removed. If the con-
tamination is localized, cutting out the affected sec-
tion of clothing (leaving very wide margins) may
be adequate. If there is doubt, however, all cloth-

157



Medical Aspects of Chemical and Biological Warfare

ing should be removed. The underlying skin should
then be decontaminated thoroughly.

The M291 decontamination kit contains charcoal
and sorptive resins; the agent is physically removed
and adsorbed. The M258A1 is a standard decon-
tamination kit that contains two moistened towel-
ettes. One is intended for use with the G agents,
and the other with VX and mustard. Since the agent
probably would not be identified at the time of ex-
posure in the field, both towelettes should be used
to physically remove the chemical agent by blotting,
not wiping, it; the towelettes also aid in decontami-
nation by chemically neutralizing the agent, al-
though this chemical reaction is slow. (See Chapter
15, Decontamination, and Chapter 16, Chemical
Defense Equipment, for details about the decon-
tamination kits.)

A solution that releases chlorine, such as house-
hold bleach (5% sodium hypochlorite) or a solution
that is sufficiently alkaline to neutralize the agent,
such as dilute hydroxide, can also be used for physi-
cal removal and chemical neutralization of a chemi-
cal agent. Because of the potential for skin damage
from 5% hypochlorite, the current military proce-
dure is to use 0.5% hypochlorite for skin decontami-
nation. Dilute hydroxide and the contents of the
M258A1 kit are damaging to the skin, however, and
should be thoroughly rinsed off.

Water is also a decontaminant since, when used
in large amounts, it physically removes and dilutes
chemical agents. (Most agents hydrolyze to some
degree in water, but hydrolysis usually takes hours
to days.) If used alone, water is not ideal; however,
if nothing else is available, flushing with large
amounts of water to physically remove the chemi-
cal agent is satisfactory. Water should be used to
wash off the other decontaminants. Commonly
available products (such as tissue paper and flour)
that can help remove or adsorb the agent should be
used if other decontaminants are not available.'*

Ventilatory Support

Ventilatory support is a necessary aspect of
therapy if a casualty with severe respiratory com-
promise is to be saved. Antidotes alone may be ef-
fective in restoring ventilation and saving lives in
some instances; in animal studies,'?*'?* antidotes
alone, given intramuscularly at the onset of signs,
were adequate to reverse the effects of agent doses
of about 3 LDg, but their effectiveness was greatly
increased with the addition of ventilation. Pyrido-
stigmine, given as pretreatment and followed by the
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current therapy after challenges with higher
amounts of two agents, appears to prevent apnea
(see Chapter 6, Pretreatment for Nerve Agent Ex-
posure).

Impairment of breathing is an early effect of ex-
posure to nerve agent vapor or aerosol. When the
exposure is small, the casualty may have mild to
severe dyspnea, with corresponding physical find-
ings, and the impairment will be reversed by the
administration of atropine. If the distress is severe
and the casualty is elderly or has pulmonary or car-
diac disease, the antidote may be supplemented by
providing oxygen by inhalation. In most other cir-
cumstances, supplementation with oxygen is un-
necessary.

Severely exposed casualties lose consciousness
shortly after the onset of effects, usually before any
signs of respiratory compromise. They have gener-
alized muscular twitching or convulsive jerks and
may initially have spontaneous but impaired res-
piration. Breathing ceases completely within sev-
eral minutes after the onset of exposure in a severely
poisoned person who has not been pretreated with
pyridostigmine.

Assisted ventilation may be required to supple-
ment gasping and infrequent attempts at respira-
tion, or it may be required because spontaneous
breathing has stopped. In addition to a decrease in
central respiratory drive, weakness or paralysis of
thoracic and diaphragmatic muscles, and broncho-
spasm or constriction, there are copious secretions
throughout the airways. These secretions tend to
be thick, mucoid, and “ropy,” and may plug up the
airways. Postural drainage can be used, and fre-
guent and thorough suctioning of the airways is
necessary if ventilation is to be successful. In one
instance, efforts to ventilate a severely apneic casu-
alty were markedly hindered for 30 minutes until
adequate suction was applied to remove thick mu-
coid plugs.®

Initially, because of the constriction or spasm of
the bronchial musculature, there is marked resis-
tance to attempts to ventilate. Pressures of 50 to 70
cm H,O or greater may be needed. After the ad-
ministration of atropine, resistance decreases to 40
cm H,O0 or lower, and the secretions diminish (al-
though they may thicken), creating less obstruction
to ventilatory efforts.

There are numerous mechanical devices, includ-
ing sophisticated ventilators, that can be used to
provide ventilatory assistance in an apneic casualty.
None of these is available to the soldier or his
buddy, and only a few—the mask-valve-bag venti-



lation device, the RDIC (resuscitation device, indi-
vidual, chemical), and a simple ventilator—are
available at the battalion aid station. Whatever de-
vice is used, it must be able to overcome the initial
high resistance in the airways. If a casualty is ap-
neic or has severe respiratory compromise and
needs assisted ventilation, then endotracheal intu-
bation, which will enable better ventilation and
suction of secretions, can and should be attempted.

Mouth-to-mouth ventilation might be considered
by a soldier who wants to assist an apneic buddy
when no aid station is nearby. A major drawback is
the likelihood of contamination. Before even con-
sidering this method, the rescuer should be sure that
there is no vapor hazard, which is not always pos-
sible, and that there is no liquid contamination on
the individual to be ventilated. The expired breath
of the casualty is a lesser hazard. Studies'?*'% in-
volving sarin have shown that only 10% or less of
inspired nerve agent is expired, and that the toxi-
cant is expired immediately after inspiration of the
agent.

The Schafer method of assisted ventilation (ie,
gentle, intermittent pressure applied to the lower
part of the thorax of a prone person to mimic breath-
ing) was formerly used in severely poisoned indi-
viduals until other means became available. Gen-
erally, this is not a reliable method of ventilation
even in an individual with normal airways.

In summary, spontaneous respiration will stop
within several minutes after onset of effects caused
by exposure to a lethal amount of nerve agent. An-
tidotes alone are relatively ineffective in restoring
spontaneous respiration. Attempts at ventilation are
hindered by the high resistance of constricted bron-
chiolar muscles and by copious secretions, which
may be thick and plug the bronchi. Ventilatory as-
sistance may be required briefly (20-30 min) or for
a much longer period. In several instances, assis-
tance was required for 3 hours'®®; this seems to be
the longest reported use of ventilation.

Atropine Therapy

The antagonism between the ChE-inhibiting sub-
stance physostigmine and a cholinergic blocking
substance has been recognized for well over a cen-
tury.’ In the early 1950s, atropine was found to
reduce the severity of effects from ChE-inhibitor
poisoning, but it did not prevent deaths in animals
exposed to synthetic ChE-inhibiting insecticides.*®

Cholinergic blocking substances act by blocking
the effects of excess acetylcholine at muscarinic re-
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ceptors. Acetylcholine accumulates at these recep-
tors because it is not hydrolyzed by ChE when the
enzyme is inactivated by an inhibitor. Thus, cho-
linergic blocking substances do not block the direct
effect of the agent (ChE inhibition); rather, they
block the effect of the resulting excess ACh.

Many cholinergic blocking substances have been
tested for antidotal activity. Among the findings are
the following:

< Almost any compound with cholinergic
blocking activity has antidotal activity.

= Atropine and related substances reduce the
effects of the ChE inhibitors, primarily in
those tissues with muscarinic receptor sites.

< Antidotal substances with higher lipoid
solubility, which penetrate the CNS more
readily, might be expected to have greater
antidotal activity, since some of the more
severe effects of ChE inhibitor poisoning
(such as apnea and seizures) are mediated
in the CNS.

For example, the combination of benac-
tyzine and atropine was shown to be more
effective than atropine alone in reducing
lethality from sarin'®; 3-quinuclidinyl
benzilate (BZ, also called QNB; see Chap-
ter 11, Incapacitating Agents) is an excel-
lent antidote. Benactyzine was part of a
mixture (plus atropine and N,N’-trimethyl-
enebis-[pyridine-4-aldoxime bromide]
[TMBA4]) fielded as a nerve agent antidote
(known as TAB) for several years in the late
1970s. However, these substances have CNS
effects in the absence of nerve agents; this
was one of the reasons that this mixture was
withdrawn.

In the late 1940s, atropine was chosen as the stan-
dard antidote; despite extensive searches for other
antidotes since, it has remained the standard. A dose
of 2 mg was chosen for self- or buddy-administra-
tion (the AtroPen automatic injector included in the
MARK | kit contains 2 mg) because it reverses the
effects of nerve agents, the associated side effects
of a dose this size can be tolerated, and reasonably
normal performance can be maintained by the in-
dividual receiving it. The rationale for this choice
of dose was expressed (in the unclassified portion
of a classified document) as follows:

The dose of atropine which the individual service-

man can be allowed to use must be a compromise
between the dose which is therapeutically desir-

159



Medical Aspects of Chemical and Biological Warfare

able and that which can be safely administered to
a nonintoxicated person. Laboratory trials have
shown that 2 mg of atropine sulfate is a reasonable
amount to be recommended for injection by an in-
dividual and that higher doses may produce em-
barrassing effects on troops with operational re-
sponsibilities.

When given to a normal individual (one with-
out nerve agent intoxication), a dose of 2 mg of at-
ropine will cause an increase in heart rate of about
35 beats per minute (which usually is not noticed
by the recipient), a dry mouth, dry skin, mydriasis,
and some paralysis of accommodation. Most of
these effects will dissipate by 4 to 6 hours, but near
vision may be blurred for 24 hours, even in healthy
young men. The decrease in sweating caused by 2
mg of atropine is a major, potentially harmful side
effect that may cause some people who work in the
heat to become casualties. For example, when 35
soldiers were given 2 mg of atropine and asked to
walk for 115 minutes at 3.3 mph at a temperature
of about 83°F (71°F wet bulb), more than half
dropped out because of illness or were removed
from the walk because of body temperature of
103.5°F or above; on another day, without atropine,
they all successfully completed the same march.'®

The 6 mg of atropine contained in the three in-
jectors given each soldier may cause mild mental
aberrations (such as drowsiness or forgetfulness) in
some individuals if administered in the absence of
nerve agent intoxication. Atropine given intrave-
nously to healthy young people causes a maximal
increase in the heart rate in 3 to 5 minutes, but other
effects (such as drying of the mouth and change in
pupil size) appear later. In one study,*** when atro-
pine was administered with the AtroPen, the great-
est degree of bradycardia occurred at 2.5 minutes
(compared with 4.3 min when administered by stan-
dard needle-and-syringe injection); a heart rate in-
crease of 10 beats per minute occurred at 7.9 min-
utes (vs 14.7 min with needle-and-syringe injection);
and maximal tachycardia (an increase of 47 beats
per min) occurred at 34.4 minutes (compared with
an increase of 36.6 beats per min at 40.7 min with
needle-and-syringe injection).

Thus, the autoinjector is not only more conve-
nient to use than the needle and syringe, but its use
causes more rapid absorption of the drug. Needle-
and-syringe delivery produces a “glob” or puddle
of liquid in muscle. The AtroPen, on the other hand,
sprays the liquid throughout the muscle as the
needle goes in. The greater dispersion of the
AtroPen deposit results in more rapid absorption.
It has not been determined whether the onset of
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beneficial effects in treating nerve agent intoxica-
tion corresponds to the onset of bradycardia, the
onset of tachycardia, or to other factors.

When administered in an adequate amount, at-
ropine reverses the effects of the nerve agent in tis-
sues that have muscarinic receptor sites. It decreases
secretions and reverses the spasm or contraction of
smooth muscle. The mouth dries, secretions in the
mouth and bronchi dry, bronchoconstriction de-
creases, and gastrointestinal musculature will be
less hyperactive. However, unless given in very
large doses, intravenous or intramuscular atropine
does not reverse miosis caused by nerve agent va-
por in the eyes. A casualty with miosis alone should
not be given atropine, therefore, and pupil size
should not be used to judge the adequacy of atro-
pine dosage. Whether atropine controls convulsions
in humans is unclear.

The amount of atropine to administer is a matter
of judgment. In a conscious casualty with mild-to-
moderate effects who is not in severe distress, 2 mg
of atropine should be given intramuscularly at 5-
to 10-minute intervals until dyspnea and secretions
are minimized. Usually no more than a total dose
of 2 to 4 mg is needed. In an unconscious casualty,
atropine should be given (a) until secretions are
minimized (those in the mouth can be seen and
those in the lungs can be heard by auscultation) and
(b) until resistance to ventilatory efforts is mini-
mized (atropine decreases constriction of the bron-
chial musculature and airway secretions). If the ca-
sualty is conscious, he will report less dyspnea, and
if assisted ventilation is underway, a decrease in
airway resistance will be noted. Secretions alone
should not be the reason for administering more
atropine if the secretions are diminishing and are
not clinically significant. Mucus blocking the
smaller airways may remain a hindrance despite
adequate amounts of atropine. In severe casualties
(unconscious and apneic), 5 to 15 mg of atropine
has been used before spontaneous respiration re-
sumed and the casualty regained consciousness
(which occurred 30 min to 3 h after exposure).'8%
Several recovering casualties have had non-life-
threatening adverse effects (such as nausea and
vomiting) 24 to 36 hours after exposure for which
atropine was administered (personal observation).*
However, there would appear to be no reason to
give atropine routinely in this period.

In contrast, much larger amounts of atropine
(500-1,000 mg) have been required in the initial 24
hours of treatment of individuals severely poisoned
by organophosphorus pesticides.™®*** Medical care
providers must recognize that the amount of atropine



needed for treatment of insecticide poisoning is differ-
ent from the amount needed for treatment of nerve agent
poisoning. Pesticides may be sequestered in the body
or metabolized at a slower rate than nerve agents;
whatever the reason, they continue to cause acute
cholinergic crises for a much longer period (days
to weeks).

The goal of therapy with atropine should be to
minimize the effects of the agent (ie, to remove the
casualty from a life-threatening situation and to
make him comfortable), which may not require
complete reversal of all of the effects (such as mio-
sis). However, in a casualty with severe effects, it is
better to administer too much atropine than too
little. Too much atropine does far less harm than
too much unantagonized nerve agent in a casualty
suffering severe effects. However, a moderately
dyspneic casualty given atropine 2 mg, adminis-
tered intramuscularly, will report improvement
within 5 minutes. A caregiver should resist the
temptation to give too much atropine to a walking,
talking casualty with dyspnea. In general, the cor-
rect dose of atropine for an individual exposed to a
nerve agent is determined by the casualty’s signs
and symptoms, the route of exposure (vapor or lig-
uid), and the amount of time elapsed since exposure.

Atropine Therapy After Inhalational Exposure to
Vapor

After vapor exposure, the effects of nerve agents
appear very quickly and reach their maximum ac-
tivity within seconds or minutes after the casualty
is removed from or protected against the vapor. In
what were apparently high concentrations of nerve
agent vapor, two individuals collapsed, uncon-
scious, almost immediately after taking one or two
breaths, and 4 to 5 minutes later they were flaccid
and apneic.'®® Even at very low concentrations,
maximal effects occur within minutes of termina-
tion of exposure. Because effects develop so rap-
idly, antidotal therapy should be more vigorous for
a casualty seen during or immediately after expo-
sure than for a casualty seen 15 to 30 minutes later.
For example, if a soldier’s buddy in the field or a
coworker in a laboratory suddenly complains of
dim vision in an environment suspected of contain-
ing nerve agent vapor, the buddy or worker should
immediately administer the contents of one MARK
I antidote kit. There may be continuing exposure
before the casualty can exit the environment or don
a mask, or the effects from the exposure already
absorbed may continue to develop for several min-
utes. On the other hand, if the casualty is seen at
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the medical aid station (installation or field) 15 to
30 minutes after the vapor exposure has terminated,
an antidote is not needed if miosis is the only sign
(atropine given intramuscularly has very little ef-
fect on miosis). Effects caused by nerve agent va-
por will not progress after this time.

As a general rule, if a casualty is seen immedi-
ately after exposure from vapor only, the contents
of one MARK | kit should be given if miosis is the
only sign, the contents of two kits should be ad-
ministered immediately if there is any dyspnea, and
the contents of three kits should be given for se-
vere dyspnea or any more-severe signs or symp-
toms. When seen 15 to 30 minutes after an expo-
sure to vapor alone, the casualty should receive no
antidote if miosis is the only sign, the contents of
one MARK | kit for mild or moderate dyspnea, the
contents of two Kits for severe dyspnea (obvious
gasping), and the contents of three kits and diaz-
epam (with additional atropine, but no more oxime)
if there are more serious signs (such as collapse or
loss of consciousness). If dyspnea is the most se-
vere symptom, relief should begin within 5 min-
utes, and the drugs should not be repeated until
this interval has passed. Remember that the aggres-
sive therapy given immediately after the onset of
effects is not for those early effects per se (eg, atro-
pine is relatively ineffective against miosis), but is
in anticipation of more-severe effects within the
following minutes.

Atropine Therapy After Dermal Exposure to
Liquid

The therapy for an individual whose skin has
been exposed to nerve agent is less clear. The onset
of effects is rarely immediate; they may begin within
minutes of exposure or as long as 18 hours later. As
a general rule, the greater the exposure, the sooner
the onset; and the longer the interval between ex-
posure and onset of effects, the less severe the even-
tual effects will be. Effects can begin hours after
thorough decontamination; the time of onset may
be related to the duration of time the agent was in
contact with the skin before decontamination.

The problem with treating dermal exposure is not
so much how to treat a symptomatic casualty as
whether to treat an asymptomatic person who has
had agent on the skin. Medical personnel usually
have little or no information about the exposure
incident, because the casualty often does not know
the duration or amount of exposure.

The first effects of agent on the skin are local-
ized sweating and fasciculations of underlying
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musculature (rippling), which usually are not ob-
served. If these effects are noted, however, the ca-
sualty should immediately self-administer or be
given the contents of one MARK | kit. These signs
indicate that the chemical agent has penetrated the
skin layers.

In general, an asymptomatic person who has had
skin contact with a nerve agent should be kept
under medical observation, because effects may
begin precipitately hours later. Caregivers should
not administer the contents of a MARK | kit to an
asymptomatic person, but should wait for evidence
of agent absorption. However, if an individual is
seen minutes after a definite exposure to a large
amount of nerve agent on the skin (“large” is rela-
tive; the LD, for skin exposure to VX is only 6-10
mg, which is equivalent to a single drop 2-3 mm
in diameter), there may be some benefit in admin-
istering antidotes before the onset of effects. When
the occurrence of exposure is uncertain, the possible
benefits of treatment must be weighed against the
side effects of antidotes in an unpoisoned indi-
vidual.

Antidotes should be administered until ventila-
tion is adequate and secretions are minimal. In a
mildly to moderately symptomatic individual who
is complaining of dyspnea, relief is usually obtained
with 2 or 4 mg of atropine (the amount of atropine
in one or two MARK 1 Kkits). In a severely exposed
person who is unconscious and apneic or nearly
apneic, at least 6 mg of atropine (the amount in three
MARK | kits), and probably more, should be ad-
ministered initially, and ventilatory support should
be started. Atropine should be continued at appro-
priate intervals until the casualty is breathing ad-
equately with a minimal amount of secretions in the
mouth and lungs. The initial 2 or 4 mg has proven
adequate in conscious casualties. Although 6 to 15
mg has been required in apneic or nearly apneic
casualties, the need for continuing atropine has not
extended beyond 2 to 3 hours (although distress-
ing but not life-threatening effects, such as nausea
and vomiting, have necessitated administering ad-
ditional atropine in the following 6-36 h). This is in
contrast to the use of atropine to treat intoxication
by organophosphorus insecticides, which may
cause cholinergic crises (such as an increase in se-
cretion and bronchospasm) for days to weeks after
the initial insult, -3

Oxime Therapy

Oximes are nucleophilic substances that reacti-
vate the organophosphate-inhibited ChE (the phos-
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phorylated enzyme) by removing the organophos-
phoryl moiety. There are limitations to oxime
therapy, however.

Mechanism of Action

After the organophosphorus compound attaches
to the enzyme to inhibit it, one of the following pro-
cesses may occur:

=« the enzyme may be spontaneously reacti-
vated by hydrolytic cleavage, which breaks
the organophosphoryl-ChE bond, reacti-
vating the enzyme; or

< the organophosphoryl-ChE bond may
“age,” or become resistant to reactivation
by water or oxime.

Both of these processes are related to the size of the
alkyl group attached to the oxygen of the organo-
phosphorus compound, the group attached to the
first carbon of this alkyl group, and other factors.
Once the organophosphoryl-enzyme complex ages,
it cannot be broken by an oxime. (Further discus-
sion of the chemical process can be found elsewhere;
for a brief discussion, see Chapter 6, Pretreatment
for Nerve Agent Exposure; for more detailed infor-
mation, see Koelle.’) Oxime therapy is not effec-
tive after aging occurs.

Because the nerve agents differ in structure, their
rates of spontaneous reactivation and aging differ.
For example, when complexed with VX, RBC-ChE
spontaneously reactivates at a rate of roughly 0.5%
to 1% per hour for about the first 48 hours; the VX~
enzyme complex ages very little during this pe-
riod.*%® The soman-enzyme complex does not
spontaneously reactivate; the half-time for aging is
about 2 minutes. The half-time for aging of the
sarin—-RBC-ChE complex is about 5 hours, and a
small percentage (5%) of the enzyme undergoes
spontaneous reactivation.® The half-time for aging
of the tabun-enzyme complex is somewhat longer.
(See Table 6-1 in Chapter 6, Pretreatment for Nerve
Agent Exposure, for nerve agent-aging times.)

In the mid 1950s, Wilson and coworkers reported
that hydroxamine reactivated organophosphoryl-
inhibited ChE faster than water did,***and later re-
ported that an oxime (pyridine-2-aldoxime meth-
iodide [2-PAMI]) was far more effective than
hydroxamine in reactivating the enzyme.*®

The oximes differ in their required doses, their
toxicity, and their effectiveness (for example, TMB4
is more effective against tabun poisoning than is 2-
PAM CI). After thorough study of many of these



compounds, 2-PAM CI was chosen for use in the
United States. The choice was made because of re-
search in both the civilian and military sectors and
also because of the demonstrated efficacy of 2-PAM
Clin treating organophosphorus insecticide poison-
ing.**2 At present, the only oxime approved by
the Food and Drug Administration for use in the
United States is 2-PAM CI. The methanesulfonate
salt of pralidoxime (P2S) is the standard oxime in
the United Kingdom, whereas TMB4 and Toxogonin
(obidoxime) are used in other European countries.

Since oximes reactivate the ChE inhibited by a
nerve agent, they might be expected to completely
reverse the effects caused by nerve agents. How-
ever, because nerve agents possibly produce bio-
logical activity by mechanisms other than inhibi-
tion of ChE or because of reasons not understood,
oximes are relatively ineffective in reversing effects
in organs with muscarinic receptor sites. They are
much more effective in reversing nerve agent-in-
duced changes in organs with nicotinic receptor
sites. In particular, when oximes are effective (ie, in
the absence of aging), they decrease the abnormal-
ity in skeletal muscle, improving strength and de-
creasing fasciculations.

Dosage

The therapeutic dosage of 2-PAM ClI has not been
established, but indirect evidence suggests that it
is 15 to 25 mg/kg. The effective dose depends on
the nerve agent, the time between poisoning and
oxime administration, and other factors. An early
study'® showed that a plasma concentration of
about 4 pg/mL in blood reversed the sarin-induced
neuromuscular block in anesthetized cats; for years
this concentration was generally accepted as being
therapeutic for sarin. There are few data to support
or disprove this contention. The 2-PAM CI admin-
istered with the ComboPen autoinjector (600 mg)
produces a maximal plasma concentration of 6.5
pg/mL when injected intramuscularly in the aver-
age soldier (8.9 mg/kg in a 70-kg man).**

Different doses of 2-PAM CI were administered
(with atropine) in several studies. In sarin-poisoned
rabbits, the protective ratio (PR: the ratio of the LDg,
with treatment to the LDg, without treatment) in-
creased from 25 to 90 when the intravenous dose of
2-PAM Cl increased from 5 mg/kg to 10 mg/kg**;
the PR increased from 1.6 to 4.2 when the intramus-
cular dose of 2-PAM ClI increased from 30 mg/kg
to 120 mg/kg in sarin-poisoned rats*??; and the PR
increased from 1.9 to 3.1 when the intramuscular
dose of 2-PAM Cl increased from 11.2 mg/kg to 22.5
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mg/kg in VX-poisoned rabbits.’® (In the first two
studies, the antidote was given immediately after
the nerve agent; in the third, it was given at the
onset of signs. No ventilatory support was used.)
In humans, when 2-PAM CI was administered in-
travenously 1 hour after sarin, a dose of 10 mg/kg
reactivated 28% of the RBC-ChE, and doses of 15 or
20 mg/kg reactivated 58% of the enzyme. When
given 3 hours after sarin, 5 mg/kg of 2-PAM CI
reactivated only 10% of the inhibited RBC-ChE, and
10 mg/kg or more reactivated more than 50%. When
2-PAM CI was given at times from 0.5 to 24 hours
after VX, doses of 2.5 to 25 mg/kg were found to
reactivate 50% or more of the inhibited enzyme.®

For optimal therapy, 2-PAM CI should be given
intravenously, but usually this is not possible in the
field. Even at small doses (2.5-5.0 mg/kg), the drug,
when given intravenously in the absence of nerve
agent poisoning, may cause transient effects, such
as dizziness and blurred vision, which increase
as the dose increases. Transient diplopia may occur
at doses higher than 10 mg/kg. These effects, if they
occur, are insignificant in a casualty poisoned with
a ChE-inhibiting substance. Occasionally, nausea
and vomiting may occur. The most serious side
effect is hypertension, which is usually slight and
transient at intravenous doses of 15 mg/kg or less,
but may be marked and prolonged at higher
doses.’® 2-PAM Cl is commercially available as
the cryodesiccated form (Protopam Chloride, manu-
factured by Wyeth-Ayerst Laboratories, Philadel-
phia, Pa.) in vials containing 1 g, or about 14 mg/
kg for a 70-kg person. Blood pressure elevations
greater than 90 mm Hg systolic and 30 mm Hg di-
astolic may occur after administration of 45 mg/
kg, and the elevations may persist for several
hours.* Giving the oxime slowly (over 30-40 min)
may minimize the hypertensive effect, and the hy-
pertension can be quickly but transiently reversed
by phentolamine 5 mg, administered intravenously
(Figure 5-6).

2-PAM Cl is rapidly and almost completely ex-
creted unchanged by the kidneys: 80% to 90% of an
intramuscular or intravenous dose is excreted in 3
hours,'* probably by an active tubular excretory
mechanism (its renal clearance is close to that of p-
aminohippurate®), with a half-time of about 90
minutes.*® Both clearance and amount excreted are
decreased by heat, exercise, or both.**® Thiamine
also decreases excretion (presumably by blocking
tubular excretion), prolongs the plasma half-life,
and increases the plasma concentration for the du-
ration of thiamine activity®*%°; some®* question the
therapeutic benefit of thiamine, however.

163



Medical Aspects of Chemical and Biological Warfare

Figure 5-6 is not shown because the copyright per-
mission granted to the Borden Institute, TMM, does
not allow the Borden Institute to grant permission to
other users and/or does not include usage in electronic
media. The current user must apply to the publisher
named in the figure legend for permission to use this
illustration in any type of publication media.

Fig. 5-6. An infusion of 25 mg/kg of pralidoxime chlo-
ride (2-PAM CI) over about 25 minutes produces marked
hypertension, which is rapidly but transiently reversed
by phentolamine 5 mg. The mean blood pressure is the
diastolic plus one third of the difference between the sys-
tolic and the diastolic. Reprinted with permission from
Sidell FR. Clinical considerations in nerve agent intoxi-
cation. In: Somani SM, ed. Chemical Warfare Agents. New
York, NY: Academic Press; 1992: 181.

An early clinical report**? on the use of 2-PAM CI
in insecticide-poisoned persons indicated that the
oxime reversed the CNS effects of the poison (eg,
patients regained consciousness and stopped con-
vulsing shortly after the oxime was given). How-
ever, other early investigators found no oxime in
the brain of animals®*' or the cerebrospinal fluid
of humans® after experimental administration of
2-PAM CI. Other investigators™® found small
amounts of 2-PAM ClI or reversal of the brain ChE
inhibition in brains of animals poisoned with organo-
phosphorus compounds.

Administration

Initially, an oxime should be administered with
atropine. In cases of severe exposure, the contents
of three MARK | kits should be administered; if the
kits are not available, then oxime 1 to 1.5 g should
be administered intravenously over a period of 20
to 30 minutes or longer. Additional atropine should
be given to minimize secretions and to reduce ven-
tilatory problems, thereby relieving the casualty’s
distress and discomfort.

Since an improvement in the skeletal muscle ef-
fects of the agent (ie, an increase or decrease in
muscle tone and reduced fasciculations) may be
seen after oxime administration, medical person-
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nel may be tempted to repeat the oxime along with
atropine. Because of side effects, however, no more
than about 2.5 g of oxime should be given within 1
to 1.5 hours. If the oxime is effective, it can be re-
peated once or twice at intervals of 60 to 90 min-
utes.

2-PAM CI can be administered intravenously,
intramuscularly, and orally. Soon after it became
commercially available, 2-PAM CI was adminis-
tered orally both as therapy and as a pretreatment
for those in constant contact with organophospho-
rus compounds (eg, crop dusters). At one time, the
United Kingdom provided its military personnel
with a supply of oxime tablets for pretreatment use,
but it no longer does so. Enthusiasm for this prac-
tice waned for a number of reasons:

= erratic absorption of the drug from the gas-
trointestinal tract, leading to large differ-
ences (both between individuals and in the
same person at different times) in plasma
concentration;

= the large dose required (5 g to produce an
average plasma concentration of 4 ug/mL);

= the unpopularity of the large, bitter 0.5-g
or 1.0-g tablets; and

= the relatively slow absorption compared
with that for administration by other routes.

In addition, the frequent administration (every 4-6
h) required by workers at risk caused gastrointes-
tinal irritation, including diarrhea. It is also no
longer common practice for crop workers to be
given 2-PAM ClI as a pretreatment, the rationale
being that crop workers who take the medication
might have a false sense of security and therefore
might tend to be careless with safety measures.
Despite these drawbacks, 2-PAM CI tablets might
be the best alternative in certain cases, such as a
depot worker exposed to a nerve agent who shows
no effects except for an inhibition of RBC-ChE ac-
tivity. An oxime might be given to restore his RBC-
ChE activity to 80% of his baseline value, which is
necessary for his return to work. (See Blood Cho-
linesterases section, above, for discussion of moni-
toring RBC-ChE activity.) Administration by the
oral route might be considered preferable (although
less reliable) to administration by a parenteral route
because tablets can be self-administered and tak-
ing tablets avoids the pain of an injection.
Intramuscular administration of 2-PAM CI with
the ComboPen results in a plasma concentration of
4 ng/kg at 7 minutes versus 10 minutes for con-



ventional needle-and-syringe injection.® (A maxi-
mal plasma concentration of 6.9 ug/kg occurs at 19
min vs 6.5 pg/kg at 22 min for the needle-and-sy-
ringe method.) About 80% to 90% of the intact drug
is excreted unmetabolized in the urine; the half-life
is about 90 minutes. When a 30% solution of 2-PAM
Cl was injected intramuscularly at doses ranging
from 2.5 to 30 mg/kg, the drug caused no change
in heart rate or any signs or symptoms (except for
pain at the injection site, as expected after an injec-
tion of 2 mL of a hypertonic solution).* When
given intramuscularly, 30 mg/kg caused an eleva-
tion in blood pressure and minimal ECG changes,
but no change in heart rate.*®

Because of the very rapid aging of the soman-
AChE complex, oximes are often considered inef-
fective in treating soman poisoning. Experimental
studies in animals have shown that oximes are not
nearly as effective in treating soman intoxication
as in sarin intoxication, but they do provide some
therapeutic benefit (a 5%-10% reactivation of the
inhibited enzyme).”*"!*® Suggested reasons for this
benefit are that an oxime acts as a cholinergic block-
ing drug at the nicotinic sites, analogous to atro-
pine at the muscarinic sites® or that it causes the
circulation to improve, possibly by stimulating the
release of catecholamines.™®

Anticonvulsive Therapy

Convulsions occur after severe nerve agent ex-
posure. In reports'®®2 of severe cases, convulsions
(or what were described as “convulsive jerks” or
“spasms”) started within seconds after the casualty
collapsed and lost consciousness, and persisted for
several minutes until the individual became apneic
and flaccid. The convulsions did not recur after at-
ropine and oxime therapy and ventilatory support
were administered. In these instances, no specific
anticonvulsive therapy was needed nor was it
given.

Laboratory studies indicate that the convulsive
period lasts much longer (hours) in animals, even
those given therapy. However, the antidotes are
given in a standard dose to experimental animals
rather than titrated to a therapeutic effect as they
are in human patients; this difference may account
for the greater duration of convulsions in animals.
In animals, convulsions occur more frequently and
are more severe when the animal is pretreated with
pyridostigmine and given nerve agent followed by
standard therapy than when no pyridostigmine
pretreatment is used. For these reasons, it is antici-
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pated that humans pretreated with pyridostigmine
would also have more frequent and more severe
convulsions when pretreated with pyridostigmine
than when not pretreated with pyridostigmine.

Diazepam has been used successfully to termi-
nate convulsions caused by organophosphate insec-
ticide poisoning (see discussion of behavioral ef-
fects above) and has been fielded in the U.S. military.
As discussed earlier, each soldier is issued one
autoinjector (ComboPen) containing 10 mg of di-
azepam in 2 mL of diluent. When a soldier exposed
to a nerve agent is unable to help himself, a buddy
should administer diazepam as well as the contents
of three MARK | kits—whether or not there are in-
dications of seizure activity. In fact, it is preferable
to administer diazepam before the onset of seizure
activity. The medic carries additional diazepam in-
jectors and is authorized to administer two addi-
tional injectors to a convulsing casualty at 10-
minute intervals. Current military doctrine is for
the buddy to administer the diazepam immediately
following the administration of the third MARK |
when the three MARK | Kits are given together. This
is not only military doctrine, it is sound medical
advice, and this action should be taken automati-
cally when assisting a casualty with severe expo-
sure to organophosphate nerve agents.

Therapy for Cardiac Arrhythmias

Transient arrhythmias occur after nerve agent
intoxication and after atropine administration in a
normal individual. However, the irregularities gen-
erally terminate after the onset of atropine-induced
sinus tachycardia (see discussion of cardiac effects,
above).

Experimental studies'"**® have shown that when
animals are poisoned with ChE inhibitors and then
allowed to become cyanotic, rapid intravenous ad-
ministration of atropine will cause ventricular
fibrillation. Ventricular fibrillation after rapid intra-
venous administration of atropine has not been re-
ported in humans.

After severe intoxication from exposure to an
organophosphate insecticide, a 20-year-old patient
was stabilized with atropine and ventilatory sup-
port, but her ECG showed depression of the ST seg-
ment and flattening of the T wave, presumably be-
cause of persistent sinus tachycardia secondary to
large doses of atropine (287 mg in 4 days; total of
830 mg). She was given a b-adrenergic blocking
agent (propranolol), which slowed the heart rate to
107 beats per minute, normalizing the ST-T changes.
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The normal ECG pattern and heart rate of 107 beats
per minute persisted despite repeated doses of at-
ropine. In effect, a pharmacologically isolated heart
(with both cholinergic and adrenergic blockade)

was produced; the authors reporting on the case
suggested that propranolol might be of value in
protecting against the effects of atropine and orga-
nophosphorus intoxication,*®

SPECIFIC TREATMENT BY EXPOSURE CATEGORY

The goals of medical therapy are, in most cases,
fairly straightforward: to minimize the patient’s dis-
comfort, to relieve distress, and to stop or reverse
the abnormal process. These goals are the same in
the treatment of a patient with nerve agent intoxi-
cation.

If a patient has severe dyspnea or vomiting (or
retching), he or she may be unable to vocalize, but
it can be assumed that the discomfort is severe.
Therapy should be titrated against the complaints
of dyspnea and objective manifestations such as
retching; administration of the contents of MARK |
kits (or atropine alone) should be continued at in-
tervals until relief is obtained. Seldom are more than
two to three MARK | Kits required to provide re-
lief. Because eye or head pain is not relieved by
MARK | injections, a patient with severe eye or head
pain from miosis will complain when he has no
other injury that causes more overwhelming dis-
comfort. Topical application of atropine or homat-
ropine is quite effective in relieving this severe pain.

The signs of severe distress in a fellow soldier,
such as twitching, convulsions, gasping for breath,
and apnea, can be recognized by even a relatively
untrained observer. A casualty’s buddy will usu-
ally act appropriately, but because a buddy’s re-
sources are few, the level of assistance is limited: a
buddy can administer three MARK I kits and diaz-
epam and then seek medical assistance. In a more
sophisticated setting, adequate ventilation is the
highest priority, but even the best ventilators help
little in the presence of copious secretions and high
resistance in the airways. Atropine must be given
until secretions (nose, mouth, airways) are de-
creased and resistance to assisted ventilation is
minimal.

The goals of therapy must be realistic. Current
drugs will not immediately restore consciousness
or respiration or completely reverse the skeletal
muscle abnormalities, nor will intramuscular or
intravenous drug therapy reverse miosis. Muscu-
lar fasciculations and small amounts of twitching
may continue in a conscious patient long after ad-
equate ventilation is restored and the patient is
walking and talking.

Although in practice exposure categories are
never clear-cut, different therapeutic measures are
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recommended for treating nerve agent casualties
who have different degrees of exposure severity.
Treatment is based on the signs and symptoms
caused by the particular exposure (Table 5-7). The
following suggested exposure categories are based
on the casualty’s presenting signs and symptoms.

Suspected Exposure

Suspected, but unconfirmed, exposure to a nerve
agent sometimes occurs in an area where liquid
agent was present. A person without signs or symp-
toms may be unsure whether he is contaminated.
In such cases, the suspected casualty should be thor-
oughly and completely decontaminated and kept
under close medical observation for 18 hours. If a
laboratory facility is available, blood should be
drawn for measurement of RBC-ChE activity.

An individual working with nerve agent in an
industrial or laboratory environment will have a
baseline RBC-ChE activity value on record. If this
value is still at baseline after a possible exposure,
then no significant absorption has occurred, and the
new value provides confirmation of the baseline.
(See Blood Cholinesterases section, above, on RBC-
ChE activity monitoring.) If the activity is de-
creased, however, then absorption of the agent has
occurred, but the decision to begin therapy should
be based on signs or symptoms, not on the RBC-
ChE activity (with one possible exception: an asymp-
tomatic worker with decreased ChE activity; see
Oxime Therapy section, above). The medical care
provider must remember that the nadir of RBC-
ChE activity may not occur for 18 to 24 hours, and
if there has been no oxime therapy, then the final
sample for analysis must be drawn during that time
period.

Since the onset of effects caused by nerve agent
exposure may occur as long as 18 hours after skin
contact, prolonged observation is prudent. The
longer the interval until the onset of signs and
symptoms, the less severe they will be, but medical
assistance will still be necessary. Since vapor (or
inhaled aerosol) causes effects within seconds or
minutes, it is extremely unlikely that a “suspected”
asymptomatic casualty would be produced by this
route.



TABLE 5-7
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RECOMMENDED THERAPY FOR CASUALTIES OF NERVE AGENTS

Exposure
Exposure Route Category Signs and Symptoms Therapy
Inhalational (Vapor) Minimal Miosis with or without rhinorrhea; <5 min of exposure: 1 MARK | kit
reflex nausea and vomiting > 5 min of exposure”: observation
Mild Miosis; rhinorrhea; mild dyspnea; < 5 min of exposure: 2 MARK | kits
reflex nausea and vomiting > 5 min of exposure: 0 or 1 MARK |
kit, depending on severity of
dyspnea
Moderate Miosis; rhinorrhea; moderate to <5 min of exposure: 3 MARK | kits

severe dyspnea; reflex nausea

and vomiting

Moderately severe

Severe dyspnea; gastrointestinal
or neuromuscular signs

+ diazepam
> 5 min of exposure: 1-2 MARK | kits

3 MARK | kits; standby ventilatory
support; diazepam

Severe Loss of consciousness; convulsions; 3 MARK | kits; ventilatory support,
flaccid paralysis; apnea suction; diazepam
Dermal (Liquid on Mild Localized sweating, fasciculations 1 MARK I kit
Skin) Moderate Gastrointestinal signs and symptoms 1 MARK | kit

Moderately severe

Severe

Gastrointestinal signs plus
respiratory or neuromuscular signs

Same as for severe vapor exposure

3 MARK | kits; standby ventilatory
support

3 MARK | Kits; ventilatory support,
suction; diazepam

*Casualty has been out of contaminated environment during this time.

Minimal Exposure

Miosis, with accompanying eye symptoms, and
rhinorrhea are signs of a minimal exposure to a
nerve agent, either vapor or vapor and liquid. This
distinction is quite important in the management
of this casualty. There are many situations in which
one can be reasonably certain that exposure was by
vapor alone (if the casualty was standing down-
wind from a munition or container, for example, or
standing across a laboratory or storeroom from a
spilled agent or leaking container). On the other
hand, if an unprotected individual is close to an
agent splash or is walking in areas where liquid
agent is present, exposure may be by both routes.
Effects from vapor exposure occur quickly and are
at their maximum within minutes, whereas effects
from liquid agent on the skin may not occur until
hours later.

Atropine (and oxime) should not be given for
miosis because it is ineffective in the usual doses (2
or 4 mg). If eye pain (or head pain) is severe, topi-

cal atropine or homatropine should be given. How-
ever, the visual blurring caused by atropine versus
the relatively small amount of visual impairment
caused by miosis must be considered. If the rhinor-
rhea is severe and troublesome, atropine (the 2 mg
contained in one MARK | kit) may give some relief.

If liquid exposure is suspected, the patient must
be kept under observation, as noted above. If lig-
uid exposure can be excluded, there is no reason
for prolonged observation.

Mild Exposure

An individual with mild or moderate dyspnea
and possibly with miosis, rhinorrhea, or both
can be classified as having a mild exposure to
nerve agent. The symptoms indicate that the casu-
alty has been exposed to a nerve agent vapor
and may or may not have been contaminated by a
liquid agent.

If an exposed person in this category is seen
within several minutes after exposure, he should
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receive the contents of two MARK | Kkits immedi-
ately. If 5 to 10 minutes have passed since exposure,
the contents of only one kit should be given imme-
diately. If no improvement occurs within 5 minutes
under either circumstance, the casualty should re-
ceive the contents of another MARK | kit. The con-
tents of an additional kit may be given if the
casualty’s condition worsens 5 to 10 minutes later,
but it is unlikely that it will be needed. Only three
oxime autoinjectors should be given; further
therapy should be with atropine alone.

A person having mild exposure to a nerve agent
should be thoroughly decontaminated (exposure to
vapor alone does not require decontamination) and
have blood drawn for measurement of RBC-AChE
activity prior to MARK | administration if facilities
are available for the assay. As noted above, if there
is reason to suspect liquid exposure, the casualty
should be observed longer.

Moderate Exposure

A casualty who has had moderate exposure to
either a nerve agent vapor alone or to vapor and
liquid will have severe dyspnea, with accompany-
ing physical signs, and probably also miosis and
rhinorrhea. The casualty should be thoroughly de-
contaminated (REMEMBER: exposure to vapor alone
does not require decontamination) and blood
should be drawn for assay of RBC-ChE activity if
assay facilities are available. The contents of three
MARK I kits and diazepam should be given if the
casualty is seen within minutes of exposure. If seen
later than 10 minutes after exposure, the casualty
should receive the contents of two kits. Additional
atropine should be given at 5- to 10-minute inter-
vals until the dyspnea subsides. No more than three
MARK I kits should be used; however, additional
atropine alone should be administered if the con-
tents of three kits do not relieve the dyspnea after
10 to 15 minutes. If there is reason to suspect liquid
contamination, the patient should be kept under
observation for 18 hours.

Nausea and vomiting are frequently the first ef-
fects from liquid contamination; the sooner after
exposure they appear, the more ominous the out-
look. Therapy should be more aggressive when
these symptoms occur within an hour after expo-
sure than when there is a longer delay in onset. If
the onset is about an hour or less from the known
time of liquid exposure, the contents of two MARK
I Kits should be administered initially, and further
therapy (the contents of MARK | Kits to a total of
three, then atropine alone) given at 5- to 10-minute
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intervals, with a maximum of three oxime injec-
tions. If the onset is several hours after the time of
known exposure, the contents of one MARK | kit
should be given initially, and additional MARK |
kits as needed to a total of three. Atropine alone
should be used after the third MARK I. If the time
of exposure is unknown, the contents of two MARK
I kits should be administered.

Nausea and vomiting that occur several hours
after exposure have been treated successfully with
2 or 4 mg of atropine, and the symptoms did not
recur. However, the exposure was single-site expo-
sure (one drop at one place). It is not certain that
this treatment will be successful if exposure is from
a splash or from environmental contamination with
multiple sites of exposure on the skin. Therefore,
casualties with this degree of exposure should be
observed closely for at least 18 hours after the on-
set of signs and symptoms.

Moderately Severe Exposure

In cases of moderately severe exposure, the ca-
sualty will be conscious and have one or more of
the following signs and symptoms: severe respira-
tory distress (marked dyspnea and objective signs
of pulmonary impairment such as wheezes and
rales), marked secretions from the mouth and nose,
nausea and vomiting (or retching), and muscular
fasciculations and twitches. Miosis may be present
if exposure was by vapor, but it is a relatively in-
significant sign as a guideline for therapy in this
context.

The contents of three MARK | Kkits should be ad-
ministered immediately. Preferably, if the means are
available, 2 or 4 mg of atropine should be given in-
travenously, and the remainder of the total amount
of 6 mg of atropine, along with the three oxime in-
jections, should be given intramuscularly. The an-
ticonvulsant diazepam should always be given
when the contents of three MARK | kits are admin-
istered together. The casualty should be thoroughly
decontaminated and have blood drawn for AChE
assay before oxime is given.

Again, knowledge of the route of exposure is
useful in planning further treatment. If the expo-
sure was by vapor only and the casualty is seen in
a vapor-free environment some minutes later, drug
therapy should result in improvement. If the casu-
alty has not lost consciousness, has not convulsed,
and has not become apneic, he should improve. If
the exposure was the result of liquid agent or a com-
bination of liquid and vapor, there may be a reser-
voir of unabsorbed agent in the skin; despite the



initial therapy, the casualty’s condition may worsen.
In either case, medical care providers should be
prepared to provide ventilatory assistance, includ-
ing adequate suction, and additional drug therapy
(atropine alone) if there is no improvement within
5 minutes after intravenous administration of atro-
pine, or 5 to 10 minutes after intramuscular admin-
istration of atropine.

The triad of consciousness, lack of convulsive
activity, and spontaneous respiration is an indica-
tor of a good outcome, provided adequate therapy
is given early.

Severe Exposure

A casualty who is severely exposed to a nerve
agent will be unconscious. He may be apneic or
gasping for air with marked cyanosis, and may be
convulsing or postictal. The casualty will have co-
pious secretions from the mouth and nose and will
have generalized fasciculations in addition to con-
vulsive or large-muscle twitching movements. If the
casualty is postictal, he may be flaccid and apneic.

If the casualty shows no movement, including
no signs of respiration, the initial response should
be to determine if the heart is beating. This is not
an easy task when the rescuer and the casualty are
both in full mission-oriented protective posture
(MOPP 4) gear, but it must be accomplished because
a nonmoving, nonbreathing casualty without a
heartbeat is not a candidate for further attention on
the battlefield. In a medical treatment facility, the
medical personnel may be slightly more optimistic
and proceed with aggressive therapy. After the sarin
release in the Tokyo, Japan, subways, several casu-
alties who were not breathing and who had no car-
diac activity were taken to a hospital emergency
department. Because of very vigorous and aggres-
sive medical management, one or two of these ca-
sualties were able to walk out of the hospital sev-
eral days later.

Despite the circumstances, self-protection from
contamination from the patient is important. Since
decontamination of the patient may not be the first
priority, caregivers must wear appropriate protec-
tive equipment until they have an opportunity to
decontaminate the casualty and to remove him and
themselves from the contaminated area.

The success of therapy under these circumstances
is directly proportional to the viability of the
casualty’s cardiovascular system. If the heart rate
is very slow or nonexistent or if there is severe hy-
potension, the chances for success are poor, even in
the best possible circumstances.

Nerve Agents

First, medical personnel must provide oxygen-
ation and administer atropine by a technique that
ensures it will be carried to the heart and lungs. If
ventilatory assistance is not immediately available,
the best treatment is to administer the contents of
three MARK I kits and diazepam. If ventilatory as-
sistance will be forthcoming within minutes, the
contents of the three MARK 1 kits should be admin-
istered whether the circulation is intact or not. When
there is no chance of rapid ventilatory assistance,
little is gained by MARK | therapy, but an attempt
at treatment should be made anyway.

In the case of a failed or failing cardiovascular
system, routes of atropine administration other than
intramuscular should be considered. The intravenous
route generally provides the fastest delivery of the
drug throughout the body, but it is not without dan-
ger in an apneic and cyanotic patient. Whether or not
concomitant ventilatory support can be provided,
military medical personnel might want to consider
administering atropine intratracheally by needle and
syringe, if available, or with the atropine autoinjector
(the AtroPen). Even if the casualty’s systemic blood
pressure is low, the peribronchial circulation may
still have adequate blood flow to carry the drug to
vital areas. If an endotracheal tube can be inserted,
atropine could be injected into the tube either by
needle and syringe or with the injector.

For severely exposed casualties, the initial dose
of atropine should be at least the 6 mg from the three
autoinjectors, but an additional 2 mg or 4 mg should
also be given intravenously—if the capability is
available and if the casualty is not hypoxic (venti-
latory support must be started before intravenous
atropine is given). If additional atropine cannot be
given intravenously, then the amount should be
given intramuscularly. The total initial dose of at-
ropine can be as much as 10 mg, but this dose should
not be exceeded without allowing at least several
minutes for a response. Further atropine adminis-
tration depends on the response. If secretions de-
crease or if there are attempts at breathing, it might
be prudent to wait even longer before administer-
ing additional atropine. All three injectors of 2-PAM
Cl should be given with the initial 6 mg of atropine,
but no more oxime should be given for an hour.

Possibly the most critical factor in treatment of
severely exposed casualties is restoration of oxy-
genation. Atropine alone might restore spontaneous
breathing in a small number of apneic individ-
uals. Ideally, an apparatus that delivers oxygen un-
der positive pressure will be available. Even an
RDIC or a mask-valve-bag apparatus used with
ambient air will provide some assistance.
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When the contents of three MARK | kits are ad-
ministered together to a severely poisoned casualty,
diazepam should be administered with the contents
of the third MARK |—whether or not there are in-
dications of seizure activity. The risk of respiratory
depression from this amount of diazepam given
intramuscularly is negligible.

Hypotension per se need not be treated, at least
initially. Generally the restoration of oxygenation
and the increase in heart rate caused by atropine,
aided perhaps by the hypertensive effects of 2-PAM
ClI, will cause the blood pressure to increase to an

acceptable level.

Even with adequate oxygenation and large
amounts of atropine, immediate reversal of all of
the effects of the nerve agent will not occur. The
casualty may remain unconscious, without sponta-
neous respiration and with muscular flaccidity or
twitching, for hours. Even after respiration is at least
partly spontaneous, secretions are minimized, and
the casualty is partly alert, close monitoring is nec-
essary. Muscular fasciculations may continue for
hours after the casualty is alert enough and has
strength enough to get out of bed.

RETURN TO DUTY

Various factors should be considered before an
individual who has been a nerve agent casualty is
returned to duty. In an industrial setting (depot or
laboratory), the criteria for reactivation are that the
individual’s RBC-ChE activity must have returned
to within 80% of its baseline value and that the in-
dividual is otherwise symptom- and sign-free.

In a military field setting, however, ChE-activity
measurements are not available, and the need to
return the fighting soldier to duty may be more
acute. The decision is largely a matter of judgment
and should include the following considerations:

= |If exposed to nerve agent again, will the
soldier be in greater danger because of the
previous exposure?

= How well can the soldier function?

< What is the military need for the soldier?

In the absence of blood ChE measurements, it is
difficult to predict whether a soldier would be at
greater risk from a second nerve agent exposure.
Even an individual with rather mild effects (miosis
and rhinorrhea) may have marked ChE inhibition.
On the other hand, if an oxime (contained in the
MARK | Kkit) was given and the agent was one sus-
ceptible to oxime therapy, then the enzyme activity
may be restored. In a field setting, neither the iden-
tity of the agent nor the degree of ChE inhibition or
restoration will be known. In any case, proper use
of MOPP 4 gear should protect against further ex-
posure. If the soldier is able and needed, he should
be returned to duty.

A soldier who has had signs of severe exposure,
with loss of consciousness, apnea, and convulsions,
may have milder CNS effects for many weeks after
recovery from the acute phase of intoxication. Except
in dire circumstances, return to duty during this pe-
riod should not be considered for such casualties.
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An individual with relatively mild effects (mio-
sis, dyspnea, rhinorrhea) may be returned to duty
within 1 to several days or even hours, depending
on the assignment and the military need. However,
the soldier may experience visual problems in dim
light and may have mental lapses for as long as 6 to
8 weeks®® (and personal observation); these factors
must be considered before returning a soldier to
duty. Several observations support this conclusion.
In one case, troops who were symptomatic (miosis,
rhinorrhea, dyspnea) as a result of nerve agent ex-
posure carried out maneuvers (including firing
weapons) in a satisfactory, although suboptimal,
manner. They did not do nearly as well at night
because of visual problems.™

In another instance, workers in an industrial op-
eration learned the effects of the agent after they
had accidentally been exposed several times. They
also learned that it was a bigger problem to seek
medical aid (with the ensuing administrative pro-
cesses) than to continue working in the presence of
symptoms. They stopped going to the aid station if
they noted the onset of only mild effects. These
workers were generally not in positions requiring
acute vision or complex decisions; it is not known
how well they performed while symptomatic. How-
ever, they could continue to perform their jobs, and
their supervisors apparently did not notice a dec-
rement (personal observation).

The need for soldiers in a frontline military
operation may require that every walking casual-
ty be returned to duty. In an otherwise asymptom-
atic casualty, the primary limiting factors will
be (1) the soldier’s visual acuity compared with
the visual demands of the job and (2) the soldier’s
mental status compared with the intellectual de-
mands of the job. Prolonged mental changes can be
subtle and may require a careful examination to
detect.
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SUMMARY

Nerve agents are the most toxic chemical war-
fare agents known. They cause effects within sec-
onds and death within minutes. These agents are
in the military stockpiles of several countries but
have been used in only one war. They can be manu-
factured by terrorist groups and have been used in
terrorist attacks.

Nerve agents cause biological effects by inhib-
iting the enzyme AChE, causing an excess of
the neurotransmitter to accumulate. Hyperactiv-
ity in those organs innervated by cholinergic nerves
results, with increased secretions from exo-

crine glands, hyperactivity of skeletal muscles
leading to fatigue and paralysis, hyperactivity
of smooth muscles with bronchoconstriction,
and CNS changes, including seizure activity and
apnea.

Therapy is based on the administration of atro-
pine, which interferes with receptor binding of ace-
tylcholine at muscarinic but not nicotinic receptors,
and the oxime 2-PAM CI, which breaks the agent-
enzyme bond formed by most agents. Assisted ven-
tilation and other supportive measures are also re-

guired in severe poisoning.
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INTRODUCTION

Nerve agents are rapidly acting chemical com-
pounds that can cause respiratory arrest within
minutes of absorption. Their speed of action im-
poses a need for rapid and appropriate reaction by
exposed soldiers, their buddies, or medics, who
must administer antidotes quickly enough to save
lives. A medical defense against nerve agents that
depends completely on postexposure antidote treat-
ment, however, has two key limitations:

= In the stress of a chemical environment,
even well-trained military personnel will
not be uniformly successful in performing
such tasks as self- and buddy-admin-
istration of nerve agent antidotes.*

= Aging, a change over time in the interac-
tion of nerve agents with the target enzyme
acetylcholinesterase (AChE), renders oxime
therapy (an important component of nerve
agent antidotes) much less effective.? As
explained below, aging poses an especially
difficult problem for treating effects from
the nerve agent soman.

Because of these limitations of postexposure pro-
tection, military physicians have focused on the
possibility of protecting soldiers from nerve agents
by medical prophylaxis, or pretreatment, designed
to limit the toxicity of a subsequent nerve agent ex-
posure. A significant problem with pretreatments,
however, has been their own potential for adverse
effects. In general, the pharmacological pretreatments
that protect humans from the toxic effects of nerve
agents are themselves neuroactive compounds.
Thus, their principal adverse actions are neurologi-

cal as well and may impair physical and mental
performance. A pretreatment must be administered
to an entire force under a nerve agent threat. Any
resulting performance decrement, even a compara-
tively minor one, would make pretreatment use
unacceptable in battlefield situations requiring
maximum alertness and performance for survival.
In the late 1980s, the United States, following the
example of Great Britain, stocked the compound
pyridostigmine for its combat units as a wartime
contingency pretreatment adjunct for nerve agent
exposure.® Several other Allies, including most
members of the North Atlantic Treaty Organization
(NATO), did so as well. At the recommended dose,
pyridostigmine is free of performance-limiting side
effects. Unfortunately, pyridostigmine by itself is
ineffective as a pretreatment against subsequent
nerve agent exposure and thus it is not a true pre-
treatment compound. Pyridostigmine pretreatment
does provide greatly improved protection against
soman exposure, however, when combined with
postexposure antidote therapy. For this reason,
pyridostigmine is classified as a pretreatment adjunct.
Research workers have attempted to develop true
nerve agent pretreatments whose own neurotoxic-
ity is balanced or diminished by coadministration
of a pharmacological antagonist to their undesir-
able properties (eg, the carbamate compound phy-
sostigmine, which is administered in combination
with a cholinolytic compound, such as scopola-
mine). The potential and the problems of this pre-
treatment approach are considered in this chapter,
along with a new pretreatment concept that in-
volves inactivating or binding nerve agents with
scavenger macromolecules in the circulation.

AGING OF NERVE AGENT-BOUND ACETYLCHOLINESTERASE

Organophosphate nerve agents inhibit the active
site of AChE, a key enzymatic regulator of cholin-
ergic neurotransmission. As noted in Chapter 5,
Nerve Agents, agent-bound AChE can be reacti-
vated by a class of antidote compounds, the oximes,
which remove the nerve agent molecule from the
catalytic site of AChE.

During the attachment of the agent with the en-
zyme, a portion of the agent—the leaving group—
breaks off. During a second, later reaction, one of
the nerve agent’s alkyl groups leaves: this is the
process known as aging. The rate at which this dealk-
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ylation of the AChE-bound nerve agent molecule pro-
ceeds depends on the nature of the nerve agent.
Table 6-1 shows the aging half-time of each of the
five chemical compounds commonly considered to
be nerve agents: tabun (GA), sarin (GB), soman
(GD), GF, and VX.

Aging is an irreversible reaction. After de-
alkylation, an AChE-bound nerve agent molecule
can no longer be removed from the enzyme by
an oxime. Thus, aging of enzyme-bound nerve
agent prevents oxime antidotes from reactivating
AChE. This is an extremely difficult problem in the



TABLE 6-1
AGING HALF-TIME OF NERVE AGENTS

Pretreatment for Nerve Agent Exposure

Aging
Nerve Agent RBC-ChE Source Half-Time
GA (Tabun) Human (in vitro) >14 h'
Human (in vitro) 13.3 h?
GB (Sarin) Human (in vivo) 5h?
Human (in vitro) 3hnt
GD (Soman) Marmoset (in vivo) 1.0 min*
Guinea pig (in vivo) 7.5 min*
Rat (in vivo) 8.6 min*
Human (in vitro) 2-6 min?
GF Human (in vitro) 40 ht!
Human (in vitro) 7.5h%
VX Human (in vivo) 48 h?

RBC-ChE: erythrocyte cholinesterase

Data sources: (1) Mager PP. Multidimensional Pharmacochemistry.
San Diego, Calif: Academic Press; 1984: 52-53. (2) Doctor BP,
Blick DW, Caranto G, et al. Cholinesterases as scavengers for
organophosphorus compounds: Protection of primate perfor-
mance against soman toxicity. Chem Biol Interact. 1993;87:285—
293. (3) Sidell FR, Groff WA. The reactivatibility of cholinest-
erase inhibited by VX and sarin in man. Toxicol Appl Pharm.
1974;27:241-252. (4) Talbot BG, Anderson DR, Harris LW,
Yarbrough LW, Lennox WJ. A comparison of in vivo and in vitro
rates of aging of soman-inhibited erythrocyte acetylcholinest-
erase in different animal species. Drug Chem Toxicol. 1988;11:289—
305. (5) Hill DL, Thomas NC. Reactivation by 2-PAM CI of Hu-
man Red Blood Cell Cholinesterase Poisoned in vitro by Cyclohexyl-
methylphosphonofluoridate (GF). Edgewood Arsenal, Md: Medi-
cal Research Laboratory; 1969. Edgewood Arsenal Technical
Report 43-13.

case of poisoning with soman, which ages within 2
minutes.

Aging appears to be a key limiting factor in the
efficacy of postexposure oxime therapy for soman
poisoning. One method for assessing the relative
efficacy of antidotes and other countermeasures is
the determination of their protective ratios. The
protective ratio (PR) of an antidote is the factor by
which it raises the LD, or the LCt;, of a toxic nerve
agent challenge. Readers will remember that LDy,
is defined as the dose (D) of liquid or solid nerve
agent that is lethal (L) to 50% of the subjects ex-
posed to it; LDg, is also described as the median
lethal dose. LCtg is the term used to describe the
median lethal concentration for an aerosol or va-
por agent, expressed as concentration (C) = time (t)

of exposure (mgemin). For example, a PR of 1.0
would indicate a completely ineffective antidote,
because it means that the LDg, or LCtgj is the same
for subjects who received an antidote and those who
did not. A PR of 5, on the other hand, indicates that
the LDsg, or LCtg, for subjects who received an an-
tidote is 5-fold higher than that for subjects who
did not receive one. A PR of 5 or greater is consid-
ered to represent a reasonable level of effectiveness
for medical countermeasures against nerve agents.
This value was determined through threat analysis
of battlefield conditions and consideration of the
fact that trained and equipped soldiers will be able
to achieve at least partial protection against nerve
agent attacks by rapid donning of masks and use
of chemical protective clothing.

PYRIDOSTIGMINE, A PERIPHERALLY ACTING CARBAMATE COMPOUND

Pyridostigmine is one of a class of neuro-
active compounds called carbamates. Its chemical
structure and that of a related carbamate, physo-
stigmine, are shown below. Like the nerve agents,
carbamates inhibit the enzymatic activity of AChE.
As a quaternary amine, pyridostigmine is ionized
under normal physiological conditions and pen-
etrates poorly into the central nervous system

(CNS). Pyridostigmine has been used for many
years in the therapy of neurological disorders,
especially myasthenia gravis, a disease of neuro-
muscular transmission. In patients with myasthe-
nia gravis, inhibition of synaptic AChE is clinically
beneficial.

As an inhibitor of AChE, pyridostigmine in large
doses mimics the peripheral toxic effects of the or-
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ganophosphate nerve agents. At first it might seem
paradoxical that carbamate compounds should help
protect against nerve agent poisoning, but two criti-
cal characteristics of the carbamate—enzyme bond
explain the usefulness of the carbamates.

First, carbamoylation, the interaction between
carbamates and the active site of AChE, is freely
and spontaneously reversible, unlike the normally
irreversible inhibition of AChE by the nerve agents.
No oxime reactivators are needed to dissociate, or
decarbamoylate, the enzyme from a carbamate com-
pound. Carbamates do not undergo the aging reac-
tion of nerve agents bound to AChE.

Second, carbamoylated AChE is fully protected
from attack by nerve agents because the active site
of the carbamoylated enzyme is not accessible for
binding of nerve agent molecules. Functionally,
sufficient excess AChE activity is normally present
in synapses so that carbamoylation of 20% to 40%
of the enzyme with pyridostigmine does not sig-
nificantly impair neurotransmission.

When animals are challenged with a lethal dose
of nerve agent, AChE activity normally decreases
rapidly, becoming too low to measure. In pyrido-
stigmine-pretreated animals with a sufficient quan-
tity of protected, carbamoylated enzyme, sponta-
neous decarbamoylation of the enzyme regenerates
enough AChE activity to sustain vital functions,
such as neuromuscular transmission to support
respiration. Prompt postexposure administration
of atropine is still needed to antagonize acetyl-
choline (ACh) excess, and an oxime reactivator
must also be administered if an excess of nerve
agent remains to attack the newly uncovered
AChE active sites that were protected by pyrido-
stigmine.

Efficacy
Exposure of humans to soman is virtually un-
known in Western countries, with the exception of

a single laboratory accident.* The decision to pro-
vide military forces with pyridostigmine is there-
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fore based on a series of animal efficacy studies®™”
conducted with several species in a number of coun-
tries that found evidence that pyridostigmine pre-
treatment strongly enhances postexposure antidote
therapy for soman poisoning.

Data from one experiment are shown in Table 6-
2. In this study’ with male rhesus monkeys, pre-
treatment with orally administered pyridostigmine
inhibited circulating red blood cell AChE (RBC-
AChE) by 20% to 45%. (Inhibition of RBC-AChE by
pyridostigmine is a useful index of its inhibition of
AChE in peripheral synapses). Monkeys that had
no pyridostigmine pretreatment were not well pro-
tected from soman by the prompt administration
of atropine and 2-pyridine aldoxime methyl chlo-
ride (2-PAM CI). The PR of 1.64 in these monkeys is
typical of the most effective known postexposure
antidote therapy in animals not given pretreatment
before a soman challenge. In contrast to this low
level of protection, however, the combination of
pyridostigmine pretreatment and prompt post-
challenge administration of atropine and 2-PAM CI
resulted in greatly improved protection (PR > 40
when compared with the control group; PR = 24
when compared with the group given atropine and
2-PAM CI).”

Limitation of the number of animals available for
soman challenge at extremely high doses made ac-
curate calculation of a PR indeterminate in this ex-
periment. The PR was well in excess of 40, clearly
meeting the requirement for effectiveness of 5-fold
improved protection. In a later study,? four of five
rhesus monkeys receiving pyridostigmine pretreat-
ment and postexposure therapy of atropine and 2-
PAM ClI survived for 48 hours after being challenged
with soman at a level 5-fold higher than its LD,

Pyridostigmine pretreatment shows its strongest
benefit (compared with atropine and oxime therapy
alone) in animals challenged with soman and tabun
and provides no benefit against challenge by sarin
or VX.*! Table 6-3 shows the PRs obtained in ani-
mals given atropine and oxime therapy after chal-
lenge with the five nerve agents with and without



TABLE 6-2

Pretreatment for Nerve Agent Exposure

EFFECT OF THERAPY ON LDg, IN MONKEYS EXPOSED TO SOMAN

Group

Mean LDg,(ug/kg) [95% CL]

Mean Protective Ratio [95% CL]

Control (no treatment)
Postexposure atropine + 2-PAM CI

Pyridostigmine pretreatment
+ postexposure atropine + 2-PAM ClI

25.1 [22.0-28.8]

> 617

15.3 [13.7-17.1] —

1.64 [1.38-19.5]

> 40*

*Indeterminate because of small number of subjects; PR relative to the atropine plus 2-PAM CI group > 24 (617 + 25.1)

CL: confidence limit (based on a separate slopes model)
LDgq: the dose that is lethal to 50% of the exposed population

PR: factor by which the LDg, of a nerve agent challenge is raised (in this experiment, the LD, for group given therapy divided by

the LDg for control group)
2-PAM CI: 2-pyridine aldoxime methyl chloride

Adapted from Kluwe WM. Efficacy of pyridostigmine against soman intoxication in a primate model. In: Proceedings of the Sixth
Medical Chemical Defense Bioscience Review. Aberdeen Proving Ground, Md: US Army Medical Research Institute of Chemical De-

fense; 1987: 233.

pyridostigmine pretreatment.® As shown, pyrido-
stigmine pretreatment is essential for improved
survival against soman and tabun challenge. With
sarin or VX, depending on the animal system stud-
ied, pyridostigmine causes either no change or a
minor decrease in PRs, which still indicate strong
efficacy of atropine and oxime therapy for exposure
to these agents. The data for GF show no benefit
from pyridostigmine pretreatment for mice and a
small benefit for guinea pigs. The only published
data® on protection of primates from GF show a PR
of more than 5 with pyridostigmine pretreatment
and atropine/oxime therapy, but a control group
treated with atropine/oxime alone for comparison
was not included. Clinical experts from all coun-
tries who have evaluated pyridostigmine have con-
cluded from these data that it is an essential pre-
treatment adjunct for nerve agent threats under
combat conditions, where the identity of threat
agents is virtually never known with certainty.
Pyridostigmine was used to protect soldiers from
an actual nerve agent threat in the Persian Gulf War.
NATO Allies using pyridostigmine followed their
national policies on chemical protection. British
soldiers, for example, were ordered to take pyrido-
stigmine for over a month while they were posi-
tioned near the Iraqi border. U.S. forces followed
the doctrine of only using pyridostigmine when a
nerve agent threat was assessed to be imminent by
the responsible division- or corps-level commander.
Thus, soldiers of the U.S. XVIII Airborne Corps took
pyridostigmine for several days in January 1991

until it was determined that SCUD missiles fired
against them did not have chemical loads. Later,
U.S. ground forces attacking into Iraq and Kuwait
used pyridostigmine only as long as the corps-level
commanders on the ground considered the Iraqi
chemical capability a threat.

U.S. and Allied decisions to use pyridostigmine
followed established doctrine, taking into account
Iraqi capabilities and intentions. Iraqg was known
to have substantial stocks of sarin and VX, for which
pyridostigmine pretreatment is unnecessary, as dis-
cussed above. However, Iraq was also known to be
keenly interested in acquiring any compounds that
might defeat Allied protection, such as soman. The
security of Warsaw Pact stocks of soman, for ex-
ample, was a growing concern in 1990.

In 1990, it was also known that Iraq had begun
large-scale production of GF, a laboratory com-
pound that had not earlier been manufactured in
weapons quantity. International restrictions on the
purchase of chemical precursors of the better-
known nerve agents may have led Iraq to acquire
cyclohexyl alcohol, which it then was able to use to
produce GF. Very limited data on medical protec-
tion against GF were not reassuring. Although GF’s
aging time with AChE was reported to be relatively
long (see Table 6-1), unpublished information from
Allied countries suggested that postexposure atro-
pine/oxime therapy in rodents exposed to GF did
not protect against the effects of GF poisoning. As
confirmed by the later studies shown in Table 6-3,
atropine/oxime therapy only provided rodents
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TABLE 6-3

EFFECT OF THERAPY WITH AND WITHOUT PYRIDOSTIGMINE PRETREATMENT ON
PROTECTIVE RATIOS IN ANIMALS EXPOSED TO NERVE AGENTS

Protective Ratio

Nerve Agent Animal Tested Atropine + Oxime Pyridostigmine + Atropine + Oxime

GA (Tabun) Rabbit 2.4 3.9¢
Mouse 13 1.7/2.17
Guinea pig 4.4 7.8/12.1%
Rabbit 4.2 >8.5°

GB (Sarin) Mouse 2.1 2.2/2.0™
Guinea pig 36.4 34.9/23.8™

GD (Soman) Mouse 11 2.54
Rat 1.2 1.4°
Guinea pig 15 6.4/5.0"
Guinea pig 2.0 2.7/7.1%7
Guinea pig 1.9 4,98
Guinea pig 1.7 6.8°
Rabbit 14 1.5t
Rabbit 2.2 3.14
Rabbit 1.9 2.83
Rhesus monkey 16 > 401

GF Mouse 1.4 144
Guinea pig 2.7 3.441
Rhesus monkey — > 512

VX Mouse 7.8 6.0/3.9™
Rat 25 2.15
Guinea pig 58.8 47.1/45.3™

*Two doses of pyridostigmine were used.

Data sources: (1) Joiner RL, Dill GS, Hobson DW, et al. Task 87-35: Evaluating the efficacy of antidote drug combinations against
soman or tabun toxicity in the rabbit. Columbus, Oh: Battelle Memorial Institute; 1988. (2) Koplovitz I, Harris LW, Anderson DR,
Lennox W), Stewart JR. Reduction by pyridostigmine pretreatment of the efficacy of atropine and 2-PAM treatment of sarin and VX
poisoning in rodents. Fundam Appl Toxicol. 1992;18:102-106. (3) Koplovitz I, Stewart JR. A comparison of the efficacy of HI16 and 2-
PAM against soman, tabun, sarin, and VX in the rabbit. Toxicol Lett. 1994;70:269-279. (4) Sultan WE, Lennox WJ. Comparison of the
Efficacy of Various Therapeutic Regimens, With and Without Pyridostigmine Prophylaxis, for Soman (GD) Poisoning in Mice and Rabbits.
Aberdeen Proving Ground, Md: US Army Chemical Systems Labororatory; 1983. ARCSL Technical Report 83103. (5) Anderson DR,
Harris LW, Woodard CL, Lennox WJ. The effect of pyridostigmine pretreatment on oxime efficacy against intoxication by soman or
VX in rats. Drug Chem Toxicol. 1992;15:285-294. (6) Jones DE, Carter WH Jr, Carchman RA. Assessing pyridostigmine efficacy by
response surface modeling. Fundam Appl Toxicol. 1985;5:5242-S251. (7) Lennox WJ, Harris LW, Talbot BG, Anderson DR. Relation-
ship between reversible acetylcholinesterase inhibition and efficacy against soman lethality. Life Sci. 1985;37:793-798. (8) Capacio
BR, Koplovitz |, Rockwood GA, et al. Drug Interaction Studies of Pyridostigmine With the 5SHT3 Receptor Antagonists Ondansetron and
Granisetron in Guinea Pigs. Aberdeen Proving Ground, Md: US Army Medical Research Institute of Chemical Defense; 1995.
USAMRICD Training Report 95-05. AD B204964. (9) Inns RH, Leadbeater L. The efficacy of bispyridinium derivatives in the treat-
ment of organophosphate poisoning in the guinea pig.J Pharm Pharmacol. 1983;35:427-433. (10) Kluwe WM. Efficacy of pyridostigmine
against soman intoxication in a primate model. In: Proceedings of the 6th Medical Chemical Defense Bioscience Review. Aberdeen Prov-
ing Ground, Md: US Army Medical Research Institute of Chemical Defense; 1987: 227-234. (11) Stewart JR, Koplovitz I. The effect of
pyridostigmine pretreatment on the efficacy of atropine and oxime treatment of cyclohexylmethylphosphonofluoridate (CMPF)
poisoning in rodents. Aberdeen Proving Ground, Md: US Army Medical Research Institute of Chemical Defense; 1993. Unpub-
lished manuscript. (12) Koplovitz I, Gresham VC, Dochterman LW, Kaminskis A, Stewart JR. Evaluation of the toxicity, pathology,
and treatment of cyclohexylmethlyphosphonofluoridate (CMFF) poisoning in rhesus monkeys. Arch Toxicol. 1992;66:622-628.
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with PRs in the range of 1.4 to 2.7. The only pri-
mate data available showed that rhesus monkeys
given pyridostigmine pretreatment and atropine/
oxime therapy uniformly survived a 5-LDg; chal-
lenge with GF.% Concern about Iraq’s new GF capa-
bility, added to its known interest in acquiring
soman, made Allied use of pyridostigmine a rea-
sonable course of action.

The fact that pyridostigmine inhibits AChE has
raised one theoretical problem with its use: if 20%
to 40% of AChE has been inhibited by pyrido-
stigmine, would a subsequent low-level exposure
to a nerve agent, which might be well tolerated with
no pretreatment, be converted to a toxic dose if it
raised the total percentage of AChE inhibition into
a toxic range? In practice, it has not been possible
to clearly demonstrate such additive toxicity in
animal experiments, perhaps because the increase
in nerve agent toxicity from initial signs to lethal-
ity rises very sharply over a narrow exposure range.
A minor additive toxicity effect would there-
fore be difficult to detect. The signs of mild nerve
agent exposure are easily managed with antidote
therapy, and the benefit of a pretreatment in life-
threatening exposures is so great as to clearly war-
rant pyridostigmine pretreatment for soldiers
whose exact extent of nerve agent exposure is not
predictable.

The fact that an ionized, hydrophilic carbamate
compound such as pyridostigmine is effective as a
pretreatment adjunct against soman suggests that
its critical sites of action and, therefore, the critical
sites where soman exerts its lethal effects, are out-
side the blood-brain barrier. As noted in Chapter
5, Nerve Agents, respiratory arrest after lethal nerve
agent exposure appears to be a summation of the
agent’s effects on tracheobronchial secretions and
bronchoconstriction with obstruction, impairment
of neuromuscular transmission with respiratory
muscle insufficiency, and direct depression of cen-
tral respiratory drive. Electrophysiological monitor-
ing suggests that of these processes, central respi-
ratory drive may be the most susceptible to nerve
agent toxicity."

The effectiveness of pyridostigmine pretreatment
may not be conclusive evidence against the impor-
tance of central mechanisms in respiratory arrest;
it appears that there is at least partial permeability
of the blood-brain barrier to polar compounds such
as pyridostigmine, specifically in the regions of the
fourth ventricle and brainstem, where respiratory
centers are located. In addition, an increase in
blood-brain barrier permeability occurs rapidly
after soman administration.”*** The key observation

Pretreatment for Nerve Agent Exposure

remains that animals pretreated with pyrido-
stigmine that receive atropine and oxime therapy
promptly after an otherwise lethal soman exposure
are able to maintain adequate respiration and survive.

The major deficiency of pyridostigmine pretreat-
ment is also related to its poor penetration into the
brain. Animals that survive challenge with a supra-
lethal dose of nerve agent because of pyridostigmine
pretreatment frequently show severe histological
evidence of brain injury, prolonged convulsions,
and long-lasting performance impairments.’® Al-
though centrally acting carbamate pretreatment
compounds, such as physostigmine, offer a degree
of protection against nerve agent-induced brain
injury, pretreatment with known brain-protecting
compounds such as physostigmine, the benzodiaz-
epine anticonvulsants, and benactyzine has not
been acceptable because of their known decremen-
tal effects on performance. Postexposure anticon-
vulsant therapy appears to be the most practical,
readily available approach to minimizing nerve
agent-induced brain injury and promoting rapid
recovery of normal function after severe nerve agent
exposure (for further discussion, see Chapter 5,
Nerve Agents).

Safety

Pyridostigmine has had a good safety record over
the years of its administration to patients with my-
asthenia gravis. Known adverse reactions have been
limited to infrequent drug rashes after oral admin-
istration and the complete set of signs of periph-
eral cholinergic excess, which have been seen only
when the dosage in patients with myasthenia gravis
was increased to AChE inhibition levels well be-
yond the 20% to 40% range desired for nerve agent
pretreatment. The effects of excessive pyrido-
stigmine—miosis, sweating, intestinal hypermotil-
ity, and salivation—could clearly degrade soldiers’
performance.

When the recommended adult dose of 30 mg of
pyridostigmine bromide, one tablet orally every 8
hours, has been followed, no significant decrements
have been found in the performance of a variety of
military tasks. A review of British studies reported™®
that pyridostigmine caused no changes in memory,
manual dexterity, vigilance, day and night driving
ability, or in psychological tests for cognitive and
psychomotor skills. No significant changes in sen-
sory, motor, or cognitive functioning at ground
level, at 800 ft, and at 13,000 ft were noted in 12
subjects in another study'’ after their fourth 30-mg
dose of pyridostigmine.
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The flight performance of subjects taking
pyridostigmine in two studies'®*® was not affected,
no impairment in neuromuscular function was
noted in a study® in which subjects took pyrido-
stigmine for 8 days, and cardiovascular and pul-
monary function were normal at high altitudes in
pyridostigmine-treated subjects in another study.*
However, one study? noted a slight decrement in
performance in subjects taking pyridostigmine
when they tried to perform two tasks at the same
time; these subjects also had a slight decrement on
a visual probability monitoring task. Two studies®®?
found an increase in sweating and a decrease in skin
blood flow in pyridostigmine-treated subjects sub-
jected to heat/work stress.

Although there has been wide experience with
long-term administration of pyridostigmine to pa-
tients with myasthenia gravis, until recently there
was no comparable body of safety data in healthy
young adults. Short-term pyridostigmine adminis-
tration (one or two 30-mg doses) has been con-
ducted in peacetime in some countries, including
the United States, to screen critical personnel, such
as aircrew, for unusual or idiosyncratic reactions,
such as drug rash. The occurrence of such reactions
appears to be well below the 0.1% level, and no mili-
tary populations are now routinely screened with
administration of a test dose of pyridostigmine.

Pyridostigmine for military use by the United
States is approved only as a wartime contingency
measure. After the Persian Gulf War, there was
much discussion about the use of pyridostigmine
under an Investigational New Drug (IND) applica-
tion.®* The Food and Drug Administration (FDA)
waived informed consent for its use to make the
best medical treatment available in a specific com-
bat situation.?®® The FDA based this waiver on (a)
data from animal studies conducted in both the
United States and other NATO countries that found
that pyridostigmine increases survival when used
as pretreatment against challenge by certain nerve
agents (data on efficacy in humans challenged by
nerve agents is not experimentally obtained), and
(b) a long history of safety when the drug was used
for approved indications at doses severalfold higher
than the doses administered in the military. Rarely
considered in postwar discussions was the ethical
issue of nonuse: If pyridostigmine had not been
used, and Irag had used nerve agents causing large
numbers of casualties, should the military have
been held responsible for withholding this drug?

A limited number of animal studies of toxicologi-
cal abnormalities and teratogenicity and mutage-
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nicity in animals that were given pyridostigmine
have had negative results (Hoffman-LaRoche, pro-
prietary information).® In a study® in which
pyridostigmine was administered to rats, either
acutely or chronically, in doses sufficient to cause
an average 60% AChE inhibition, ultrastructural
alteration of a portion of the presynaptic mitochon-
dria at the neuromuscular junction resulted, as well
as alterations of nerve terminal branches, postsyn-
aptic mitochondria, and sarcomeres. These morpho-
logical findings, which occurred at twice the AChE
inhibition level desired in humans, have not been
correlated with any evidence of functional impair-
ment at lower doses, but they emphasize the need
to limit enzyme inhibition to the target range of 20%
to 40%. Pyridostigmine has been used by pregnant
women with myasthenia gravis at higher doses and
for much longer periods than it was used during
the Persian Gulf War and has not been linked to
fetal malformations.* Because safety in pregnancy
has not been completely established, the Food and
Drug Administration considers pyridostigmine a
Class C drug (ie, the risk cannot be ruled out).

Several studies have sought information on
pyridostigmine use under certain conditions: sol-
diers in combat who frequently take other medica-
tions; wounding and blood loss; and use while un-
dergoing anesthesia. The possible interaction of
pyridostigmine with other commonly used battle-
field medications was reviewed by Keeler.* There
appears to be no pharmacological basis for expect-
ing adverse interactions between pyridostigmine
and commonly used antibiotics, anesthetics, and
analgesic agents. In a study?® of pyridostigmine-
treated swine, for example, the autonomic circula-
tory responses to hemorrhagic shock and resusci-
tation appeared normal. One potentially important
effect of pyridostigmine deserves consideration by
field anesthesiologists and anesthetists using
muscle relaxants for anesthesia induction: depend-
ing on the duration of muscle-relaxant administra-
tion, there may be either up- or down-regulation of
postsynaptic ACh receptors.®® Clinical assessment
of the status of neuromuscular transmission using
a peripheral nerve stimulator should provide a ba-
sis for adjusting the dose of both depolarizing and
nondepolarizing muscle relaxants to avoid an un-
desirable duration of muscle paralysis.

Wartime Use

Pyridostigmine bromide tablets, 30 mg, to be
taken every 8 hours, are currently maintained in war



Fig. 6-1. A pyridostigmine blister pack containing 21
30-mg tablets, along with the carrying sleeve. This is the
nerve agent pyridostigmine pretreatment set (NAPPS)
that was used by designated military personnel during
the Persian Gulf War.

stocks of U.S. combat units. The compound is pack-
aged in a 21-tablet blister pack called the nerve
agent pyridostigmine pretreatment set (NAPPS,
Figure 6-1). One NAPPS packet provides a week of
pyridostigmine pretreatment for one soldier.?

The decision to begin pretreatment with pyrido-
stigmine is made by commanders at army division
level or the equivalent, based on assessment of the
nerve agent threat by their chemical, intelligence,
and medical staff officers.® Because of the lack of
data on long-term administration of pyridostigmine
to healthy adults, current doctrine calls for a maxi-
mum pretreatment period of 21 days, with reassess-
ment at frequent intervals of the need for continued
pretreatment. A senior commander’s judgment about
the severity of a nerve agent threat beyond 21 days
determines whether pretreatment should continue.

Pyridostigmine is poorly absorbed when taken
orally; its bioavailability is 5% to 10%.% Ideally, two
doses of pyridostigmine, taken 8 hours apart, should
be administered prior to any risk of nerve agent ex-
posure.® However, some benefit would be expected
even if the first pyridostigmine dose is taken an hour
before nerve agent exposure. Because excessive AChE
inhibition can impair performance, no more than one
30-mg tablet should be taken every 8 hours. If a dose
is forgotten or delayed, administration should sim-
ply be resumed on an 8-hour schedule as soon as
possible, without making up missed doses.

In Operation Desert Storm in 1991, pyrido-
stigmine was administered under combat condi-
tions for the first time to U.S. and Allied soldiers
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thought to be at risk for nerve agent exposure. Data
on safety and possible adverse responses were col-
lected from the unit medical officers caring for the
41,650 soldiers of the XVIII Airborne Corps who
took from 1 to 21 doses of pyridostigmine during
January 1991.%* Most major unit commanders con-
tinued the medication for 6 to 7 days, with over
34,000 soldiers taking it for that time. There was
nearly total compliance with the regimen by these
soldiers, who were fully aware of the nerve agent
threat. They were able to perform their missions
without any noticeable impairment, similar to find-
ings with peacetime volunteers participating in
studies.’® However, they reported a higher than ex-
pected incidence of side effects, as noted in Table 6-4.

Gastrointestinal changes included flatus, loose
stools, and abdominal cramps that were noticeable
but not disabling. Together with urinary urgency,
many soldiers reported a sense of awareness that
they were taking a medication. In most soldiers,
these changes were noticed within hours of taking
the first tablet. In many, the effects subsided after a
day or two of administration, and in others they
persisted as long as pyridostigmine was adminis-
tered. Some units adopted a routine of taking
pyridostigmine with meals, which was thought to
minimize gastrointestinal symptoms.

Soldiers taking pyridostigmine during this pe-
riod were also experiencing a wide range of other
wartime-related stresses, such as repeatedly don-

TABLE 6-4

EFFECTS OF PYRIDOSTIGMINE
PRETREATMENT” ON U.S. SOLDIERS
IN THE PERSIAN GULF WAR

Effect Incidence (%)
N=41,650

Gastrointestinal symptoms 3 50
Urinary urgency and frequency 5-30
Headaches, rhinorrhea, diaphoresis,

tingling of extremities <5
Need for medical visit <1
Discontinuation on medical advice <0.1

*Dose was 30 mg pyridostigmine bromide, administered orally
every 8 h for 1to 7 d.

Adapted from Keeler JR, Hurst CG, Dunn MA. Pyridostigmine

used as a nerve agent pretreatment under wartime conditions.

JAMA. 1991;266:694.
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ning and removing their chemical protective suits
and masks in response to alarms, sleep deprivation,
and anticipation of actual combat. Because there
was no comparable group of soldiers undergoing
identical stresses without taking pyridostigmine,
it is not clear to what extent pyridostigmine
itself was responsible for the symptoms noted
above. The findings are thus a worst-case estimate
for effects attributable to pyridostigmine use in
wartime.

Among these soldiers, fewer than 1% sought
medical attention for symptoms possibly related to
pyridostigmine administration (483 clinic visits).
Most of these had gastrointestinal or urinary dis-
turbances. Two soldiers had drug rashes; one of
them had urticaria and skin edema that responded
to diphenhydramine. Three soldiers had exacerba-
tions of bronchospasm that responded to bron-
chodilator therapy. Because the units of the XVIII
Airborne Corps had been deployed to a desert en-
vironment for 5 months before pyridostigmine was
used, most soldiers with significant reactive airways
disease had already developed symptoms and had
been evacuated earlier. The consensus among medi-
cal personnel more recently arrived was that they
saw more pyridostigmine-related bronchospasm in
their soldiers, who had not been present in theater
as long.

Because of increased exposure to the work-of-
breathing requirements of being masked, as well as
inhaled dust, smoke, and particles, it was unclear
whether pyridostigmine was a major causative fac-
tor in those who had bronchospasm at the onset of
hostilities. Two soldiers from the XVIII Airborne
Corps had significant blood pressure elevations, with
diastolic pressures of 110 to 120 mm Hg, that mani-
fested as epistaxis or persistent bleeding after a cut
and subsided when pyridostigmine was stopped.
Another soldier who took two pyridostigmine tab-
lets together to make up a missed dose experienced
mild cholinergic symptoms, self-administered an
atropine autoinjector, and recovered fully after sev-
eral hours. There were no hospitalizations or medi-
cal evacuations attributable to pyridostigmine
among XVIII Airborne Corps soldiers. In other units,
at least two female soldiers, both weighing approxi-
mately 45 to 50 kg, noted increased salivation, mus-
cular twitching, severe abdominal cramps, and
sweating that prompted medical observation. The
symptoms subsided after pyridostigmine was
stopped. This experience suggests that cholinergic
symptoms may occur in a small number of persons
of relatively low body weight.
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Later in the Persian Gulf War, more than 200,000
service members took pyridostigmine for 1 to 4 days
during the ground attack into Iraq and Kuwait.
Their medical experience, as personally reported to
us by many unit medical officers, was similar to that
reported above. It is now clear that pyridostigmine
can be used effectively in large military populations
under combat conditions without impairing mis-
sion performance. Soldiers must have a clear un-
derstanding of the threat and the need for this medi-
cation, however. Otherwise, it seems unlikely that
they would have the same degree of willingness to
accept the gastrointestinal and urinary symptoms
noted above or to comply with an 8-hour dosage
schedule.

In a group of 213 soldiers in Israel who took
pyridostigmine (30 mg every 8 h), 75% reported at
least one symptom. Included among these symp-
toms were excessive sweating (9%), nausea (22.1%),
abdominal pain (20.4%), diarrhea (6.1%), and uri-
nary frequency (11.3%). In a smaller group of 21
soldiers, pseudocholinesterase (also called butyro-
cholinesterase, which is discussed later in this chap-
ter) activity was the same in the 12 who were symp-
tomatic and the 9 who were not symptomatic.*

An Israeli soldier who developed cholinergic
symptoms after taking pyridostigmine was re-
ported* to have a genetic variant of serum butyro-
cholinesterase. The variant enzyme has low
binding affinity for pyridostigmine and other car-
bamates. The authors of the report suggested that
persons who are homozygous for the variant en-
zyme could therefore show exaggerated responses
to anticholinesterase compounds. The soldier had
a history of prolonged apnea after receiving succi-
nylcholine premedication for surgery. Persons with
similar histories of severe adverse responses to cho-
linergic medications should be carefully assessed
concerning their potential deployability to combat,
where they might face either a nerve agent threat
or the potential need for resuscitative surgery in-
volving emergency induction of anesthesia® using
cholinergic medications.

Since the Persian Gulf War, veterans of that
conflict have experienced a range of illnesses
in themselves, in their spouses, and in children
conceived after the conflict. Combinations of symp-
toms have included fatigue, skin rash, muscle and
joint pain, headache, loss of memory, shortness
of breath, and gastrointestinal and respiratory
symptoms, which could be explained by a variety
of conditions, but do not fit readily into a single
diagnostic pattern.*



The possible interaction of multiple, potentially
toxic compounds has generated interest in the
context of these problems. With respect to pyrido-
stigmine, one report* was published of neurotox-
icity in chickens that received pyridostigmine together
with large parenteral doses of the insect repellent
DEET (diethyltoluamide) and the insecticide
permethrin. The relevance of this report is doubt-
ful, because systemic administration of the two in-
teracting compounds to the chickens was at least
10,000-fold in excess of their maximum potential
absorption from skin or clothing of soldiers.

Both the National Institutes of Health and the
National Institute of Medicine of the National Acad-
emy of Sciences established expert panels to evalu-
ate these problems and to suggest an etiology or
etiologies. Both panels held public hearings, which
included testimony from veterans with the symp-
toms. The initial reports** of these panels found
no evidence to suggest that pyridostigmine use was
related to the problems reported.

Pretreatment for Nerve Agent Exposure

Improved Delivery

The currently stocked 30-mg pyridostigmine bro-
mide tablets were purchased for wartime contin-
gency use because of their ready availability.
Clearly, the need to maintain an 8-hour schedule of
pyridostigmine pretreatment under the conditions
of actual or anticipated combat stress is a major
practical deficiency in our medical defense against
nerve agents.

The United States is considering the development
of sustained-release forms of pyridostigmine that
would permit maintenance of an adequate level of
AChE inhibition with once-daily oral administra-
tion. To date, however, no sustained-release prepa-
ration has shown sufficient promise to warrant ad-
vanced testing. Unfortunately as well, efforts to
provide transdermal delivery of pyridostigmine
with skin patches have had disappointing results,
as would be expected because of the polar nature
of the compound.

CENTRALLY ACTING NERVE AGENT PRETREATMENTS

The inability of pyridostigmine to provide pro-
tection against nerve agent-induced CNS injury has
led to two different pharmacological approaches to
protection. The first involves improving postex-
posure treatment with brain-protecting anticonvul-
sant compounds, such as benzodiazepines. While
these compounds have a clear-cut, intrinsic poten-
tial for functional impairment and incapacitation,
their administration to casualties who are already
incapacitated by nerve agents will not increase the
total number of casualties. In fact, clinical observa-
tion of nonhuman primates suggests that postex-
posure therapy with the benzodiazepines diazepam
and midazolam actually decreases the time to re-
covery of consciousness after soman intoxication.*

An alternative to postexposure therapy is pro-
tection of the CNS with pretreatment compounds
that penetrate the blood-brain barrier, such as phy-
sostigmine, a tertiary amine that freely enters the
CNS. Physostigmine is often used as a model com-
pound for reproducing in laboratory animals the
clinical signs of nerve agent intoxication. This non-
polar compound carbamoylates CNS AChE and
protects experimental animals from nerve agent
challenge more effectively than does pretreatment
with pyridostigmine.*” Another centrally acting car-
bamate compound, cui-xing-ning, with character-
istics that are apparently similar to those of phy-
sostigmine, has been evaluated in China.*®

Neuroactive compounds that penetrate the CNS
generally cause some degree of performance im-
pairment in experimental animals, as well as a vari-
able incidence of symptoms, such as nausea and
light-headedness, in humans. Even a slight degree
of impaired performance of critical battlefield tasks
would be life-threatening in itself and therefore
would be unacceptable in a pretreatment to be ad-
ministered to all combatants. A possible solution to
this problem is antagonism of the undesirable ef-
fects of carbamates, which are generally cholinergic
in nature, by simultaneous administration of a
cholinolytic pretreatment adjunct, such as atropine,
scopolamine, or trihexyphenidyl (Artane, manufac-
tured by Lederle Laboratories, Wayne, NJ). Animals
treated with what has been called a behavior-defi-
cit-free combination of physostigmine and a choli-
nolytic compound, for example, show excellent pro-
tection against subsequent nerve agent challenge and
rapid clinical recovery of normal function.*

In theory, it is possible to offset the side effects
of physostigmine and achieve a performance-defi-
cit-free effect by careful titration with a cholinergic
blocking drug. The severely limiting factor in
developing a physostigmine combination pretreat-
ment for practical use is an unacceptable degree
of interindividual variation in the bioavailability of
this short half-life compound when administered
to humans.®®* At present, it would appear necessary
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to define, for each recipient, an acceptable dose
ratio for physostigmine and a cholinolytic adjunct to
avoid performance deficits. The effort required for
protecting a total force is clearly beyond our cur-
rent capability. In the event of a technological break-

through in individual drug delivery of a well-
matched, centrally acting pair of carbamate and
adjunct compounds, the possibility of developing
centrally acting pretreatments would merit further
study.

NEW DIRECTIONS: BIOTECHNOLOGICAL PRETREATMENTS

Until recently, medical defense against nerve
agents has focused on preventing or reversing the
binding of the agents to AChE, as well as on limit-
ing the effects of the agents on neurotransmission
by administration of pharmacological antagonists
such as atropine. An intriguing new concept for
dealing with nerve agent toxicity involves taking
advantage of naturally occurring macromolecules,
such as a circulating nerve agent scavenger or a me-
tabolizing enzyme, that would, respectively, bind
to or catalyze the hydrolysis of nerve agents. These
macromolecules have the potential of providing
protection against all effects of nerve agents with
minimal side effects, since they would stoichio-
metrically bind or metabolize a nerve agent before
its distribution to the site of toxic effect.

The first evidence that circulating macromol-
ecules have potential for protecting animals from
nerve agents came from study of the remarkably
broad range of toxic doses of the nerve agents in
different animal species. For example, the LD, of
soman in mice and rats is about 10-fold higher than
the LDg, in monkeys or guinea pigs.* An enzyme,
plasma carboxylesterase, binds to and thus inacti-
vates soman and other nerve agents in the G series
(but not VX). The different amounts of this enzyme
in the blood of various species can adequately ex-
plain their differential sensitivity to the G-series
nerve agents.*

In addition to carboxylesterase, blood contains
two forms of cholinesterase, AChE in the red cells
(RBC-AChE) and butyrocholinesterase (BuChE; also
called pseudocholinesterase and plasma cholines-
terase) in the plasma. Both of these forms of cho-
linesterase bind and inactivate nerve agents. In
preloading experiments in which exogenous AChE
from fetal bovine serum or BUChE from equine or
human sources was administered to animals (non-
human primates, mice, or rats) intravenously or
intramuscularly, a stoichiometric degree of protec-
tion against subsequent nerve agent challenge was
provided.** Investigators supported by the U.S.
Army Medical Research Institute of Chemical De-
fense have recently cloned and expressed the genes
for both human AChE and human BuChE.%®* Ad-
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ministration of either of these human bioproducts,
with a potential plasma half-life of up to 12 days
for BUChE, may be able to provide similar protec-
tion against nerve agent challenge for humans. The
main obstacles to development of these products
at the present time appear to be the high cost of
production of the quantities involved and the pos-
sible need for frequent parenteral administration of
a relatively short-lived product.

Another biotechnological protective strategy un-
der active study is the production of monoclonal
antibodies with high affinity for nerve agents.® If
a human-derived monoclonal antibody of the im-
munoglobulin G (IgG) class could be produced,
theoretically it would have the advantage of being
able to bind and thus protect against a soman chal-
lenge in man after administration of about 2 g of
antibody protein, similar to the amount of poly-
clonal antibody routinely administered in 10 mL of
standard immune serum globulin. The 6-week
plasma half-life of IgG in man would make the use
of such a product more acceptable.

Nerve agents, like other reactive small molecules,
pass through a high-energy transition state during
their reaction with water or with tissue targets such
as AChE. By preparing antigens with a geometry
that spatially mimics the transition states of these
small molecules,® researchers have raised antibod-
ies which not only bind to the nerve agent molecules
but also catalyze their hydrolysis.® These catalytic
antibodies have a major advantage over the other
bioproducts noted above in that they could continue
to inactivate multiple nerve agent molecules. For
this reason, the preparation of catalytic antibodies
to nerve agents, if successful, may result in the de-
velopment of a superior, long-term nerve agent pre-
treatment.

Enzymes found in hepatocytes,® neuronal cells,®
and plasma also hydrolyze nerve agents, albeit com-
paratively weakly. Study of the requirements for
hydrolysis at the enzyme active sites could poten-
tially lead to the design of more efficient hydrolytic
enzymes that could be used as catalytic scavengers.®

The major reason for interest in biotechnolog-
ically derived nerve agent pretreatments lies in their



unique mechanism of action as potential circulat-
ing nerve agent scavengers and hydrolytic catalysts.
Animals protected against nerve agent challenge
with these compounds have shown no evidence
of toxicity or performance impairment from
the nerve agents.** Thus, soldiers pretreated
with these products might be able to function
normally in a chemical environment contamina-
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ed with levels of agent below the limits of their cir-
culating protection without requiring the use of
masks or protective clothing. The operational
advantage that these soldiers would have over op-
ponents encumbered by chemical protective equip-
ment adds considerable appeal to exploring the
potential of these newer nerve agent countermea-
sures.

SUMMARY

The inadequacy of postexposure therapy
for nerve agent casualties, particularly those with
potentially lethal exposures to soman, has been
of great concern. Development of pyridostigmine,
a peripherally active carbamate compound, as
a nerve agent pretreatment adjunct has substanti-
ally improved the ability of the U.S. military to pro-
tect its soldiers from the lethal effects of nerve
agents. A major deficiency of this pretreatment pro-
gram—that it does not protect the CNS against

nerve agent-induced injury—may be overcome by
postexposure administration of anticonvulsants.
While centrally acting pretreatments offer more ef-
fective protection than does pyridostigmine, their
development is limited because of their potential
for impairing soldier performance. New research
may provide a revolutionary advance in protection
against nerve agents with biotechnologically de-
rived pretreatments that bind or inactivate nerve
agents in the circulation.
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INTRODUCTION

A vesicant (ie, an agent that produces vesicles or
blisters) was first used as a chemical weapon on the
battlefields of World War 1*; that same vesicant—
sulfur mustard—is still considered a major chemi-
cal agent. In the intervening years between World
War | and today, there have been a number of re-
corded and suspected incidents of mustard use,
culminating with the Iran-Iraqg War in the 1980s.
During this conflict, Iraq made extensive use of
mustard against Iran. Popular magazines and tele-
vision brought the horrors of chemical warfare to
the public’s attention with graphic images of badly
burned Iranian casualties. When, in the fall of 1990,
the U.S. military joined the United Nations forces
in preparation to liberate Kuwait, one of the major
concerns was the threat that Iraq would again use
mustard. Fortunately, chemical agents were not
used in the short ground phase of the Persian Gulf
War; however, the threat of an enemy’s using chemi-
cal weapons against U.S. forces is ever present. Al-
though mustard is the most important vesicant mili-
tarily, the vesicant category includes other agents,
such as Lewisite and phosgene oxime (Table 7-1).
The clinical differences among the vesicants dis-
cussed in this chapter are shown in Table 7-2.

There are two types of mustard: sulfur mustard
and nitrogen mustard. An impure sulfur mustard
was probably synthesized by Despretz in 1822, but
it was not identified. Riche, in 1854, and Guthrie,
several years later, repeated Despretz’s reaction to
obtain the same product. Guthrie described the
product as smelling like mustard, tasting like gar-
lic, and causing blisters after contact with the skin.
Niemann, in 1860, also synthesized the compound.

In 1886, Meyer prepared a much purer mustard but
discontinued his research because of the hazards
involved. During World War I, the Germans used
Meyer’s method of synthesis to manufacture mus-
tard.?

Nitrogen mustard (or more correctly, the nitro-
gen mustards) was first synthesized in the late
1930s; and although the properties of nitrogen mus-
tard were only slightly different from those of sul-
fur mustard, none was found to be suitable for use
as a weapon. However, a nitrogen mustard (HN,,
Mustargen, manufactured by Merck & Co., West
Point, Pa.) was found useful for chemotherapy of
certain neoplasms*”; for years, it was a mainstay in
cancer therapy until it was replaced by other com-
pounds.

A second group of vesicants is the arsenicals. The
major compound in this group is Lewisite. It was
synthesized and developed in the United States
during the late stages of World War I* and was
manufactured for battlefield use. The shipment of
Lewisite was on its way to Europe when the war
ended, so it was destroyed at sea. There are no data
on Lewisite from battlefield use. Lewisite has some
advantages and disadvantages over mustard that
are discussed later in this chapter.

The third compound considered to be a vesicant
by the U.S. military is phosgene oxime. This is not
a true vesicant because, unlike mustard and
Lewisite, it does not produce fluid-filled blisters;
rather, it produces solid lesions resembling urti-
caria. There has been no verified battlefield use of
this compound, and there has been little study of it
in the western world.

MUSTARD

o/ CHzCH, —Cl
N\ CH,CH, —Cl
HD

Mustard [bis-(2-chloroethyl) sulfide; also called
2,2'-dichlorethyl sulfide] is one of the two most im-
portant known chemical agents (the group of nerve
agents is the other). Although mustard was intro-
duced late in World War I (July 1917), it caused more
chemical casualties than all the other agents com-
bined: chlorine, phosgene, and cyanogen chloride.
While lethality from mustard exposure was low,
casualties filled the medical facilities. Despite 75
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years of research, there is still no antidote for mus-
tard. This fact is especially crucial when we con-
sider that probably at least a dozen countries have
mustard in their arsenals today.

Allegedly, mustard received its name from its
smell or taste (onion, garlic, mustard)3® or its color
(which varies from yellow, to light tan, to dark
brown). When mustard was first used by the Ger-
mans, the Allies called it Hun Stoffe (German stuff),
abbreviated HS; later, it became known as H. Mus-
tard manufactured by the Levinstein process is also
known as H; it contains about 20% to 30% impuri-
ties (mostly sulfur). Distilled, or nearly pure, mus-



TABLE 7-1

Vesicants

CHEMICAL, PHYSICAL, ENVIRONMENTAL, AND BIOLOGICAL PROPERTIES OF VESICATING AGENTS

Properties

Impure Sulfur Mustard

(H)

Distilled Sulfur Mustard
(HD)

Phosgene Oxime
(CX)

Lewisite

L

Chemical and Physical

Boiling Point
Vapor Pressure

Density:
Vapor
Liquid
Solid

Volatility

Appearance

Odor
Solubility:
In Water

In Other Solvents

Varies
Depends on purity

approx 5.5

approx 1.24 g/mL at 25°C
NA

approx 920 mg/m3 at 25°C

Pale yellow to dark brown
liquid

Garlic or mustard

0.092 /100 g at 22°C

Complete in CCl, acetone,
other organic solvents

Environmental and Biological

Detection

Persistence:
In Soil
On Materiel

Skin
Decontamination

Biologically Effective
Amount:

Vapor
(mgemin/md)

Liquid

Liquid: M8 paper

Vapor: CAM

Persistent

Temperature-dependent;
hours to days

M2581 kit

Dilute hypochlorite
Water

M291 kit

LCtgy: 1,500

LDg,: approx 100 mg/kg

227°C
0.072 mm Hg at 20°C

54

1.27 g/mL at 20°C

Crystal: 1.37 g/mL at 20°C
610 mg/m3 at 20°C

Pale yellow to dark brown
liquid

Garlic or mustard

0.092 /100 g at 22°C

Complete in CCl,, acetone,
other organic solvents

Liquid: M8 paper

Vapor: CAM, M256A1 kit,
ICAD

2wk-3y

Temperature-dependent;
hours to days

M258A1 kit

Dilute hypochlorite
Soap and water
M291 kit

LCtgq: 1,500 (inhaled)
10,000 (masked)

LDgy: 100 mg/kg

128°C
11.2 mm Hg at 25°C (solid)
13 mm Hg at 40°C (liquid)

<3.9?

ND

NA

1,800 mg/m3 at 20°C

Colorless, crystalline solid
or aliquid

Intense, irritating

70%

Very soluble in most
organic solvents

M256A1 ticket or card

2h

Nonpersistent

Water

Minimum effective Ct:
approx 300;
LCtg: 3,200 (estimate)

No estimate

190°C
0.39 mm Hg at 20°C

7.1

1.89 g/mL at 20°C
NA

4,480 mg/m3 at 20°C

Pure: colorless, oily
liquid

As agent: amber to dark
brown liquid

Geranium

slight

Soluble in all common
organic solvents

Vapor, M256AL1 ticket or
card, ICAD

Days

Temperature-dependent;
hours to days

Dilute hypochlorite
M258A1 kit

Water

M291 kit

Eye: <30

Skin: approx 200

LCtg: 1,200-1,500 (inhaled)
100,000 (masked)

40-50 mg/kg

CAM: chemical agent monitor
ICAD: individual chemical agent detector
LDgq: dose that is lethal to 50% of the exposed population (liquid, solid)

LCtsy: (concentration = time of exposure) that is lethal to 50% of the exposed population (vapor, aerosol)

NA: not applicable
ND: not determined
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TABLE 7-2
CLINICAL DIFFERENCES AMONG VESICANTS

Onset
Chemical Agent Pain Tissue Damage Blister
Mustard Hours later Immediate; onset of clinical effects is hours later Fluid filled
Lewisite Immediate Seconds to minutes Fluid filled
Phosgene Oxime Immediate Seconds Solid wheal

tard is known as HD. Both forms of mustard, H
and HD, can still be found today in munitions
manufactured over 50 years ago. Sulfur mustard
has also been called LOST or S-LOST (for the two
German chemists who suggested its use as a chemi-
cal weapon: Lommell and Steinkopf); “yellow
cross” (for the identifying mark on the World War |
shells); and yperite (for the site of its first use).

Nitrogen mustard has not been used on the
battlefield and is not thought to be an important
military agent. There are three forms of this com-
pound (HN4, HN,, HN3); for several reasons, the
nitrogen mustards were not suitable as military
agents. These agents are similar to sulfur mustard
in many ways, but they seem to cause more severe
systemic effects, particularly in the central nervous
system (CNS): they regularly caused convulsions
when administered intravenously to animals.® Be-
cause nitrogen mustards have not been used mili-
tarily, they will not be discussed further. Unless
stated otherwise, in this chapter the term “mustard”
refers to sulfur mustard.

Military Use

Mustard has been contained in the arsenals of
various countries since it was first used on July 12,
1917, when the Germans fired shells containing
mustard at British troops entrenched near Ypres,
Belgium.*? Soon both sides were using mustard.

When a single agent was identified as the source
of injury, it was estimated that mustard caused
about 80% of the chemical casualties in World War I;
the remaining 20% were caused by other agents such
as chlorine and phosgene (see Chapter 9, Toxic Inha-
lational Injury). The British had 180,983 chemical ca-
sualties; the injuries of 160,970 (88%) were caused
solely by mustard. Of these casualties, 4,167 (2.6%)
died. Of the 36,765 single-agent U.S. chemical casual-
ties, the injuries of 27,711 (75%) were caused solely
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by mustard. Of the casualties who reached a medi-
cal treatment facility (MTF), 599 (2.2%) died.*®

Although mustard caused large numbers of ca-
sualties during World War I, very few of these casu-
alties died. Most of those who did eventually die
had been hospitalized for several days. Mustard
survivors, likewise, required lengthy hospitaliza-
tion: the average length of stay was 42 days. Com-
bine this length of hospitalization with the vast
number of casualties caused by mustard and we can
easily see how the use of mustard can greatly re-
duce an enemy’s effectiveness.

Since the first use of mustard as a military weapon,
there have been a number of isolated incidents in
which it was reportedly used. In 1935, Italy probably
used mustard against Abyssinia (now Ethiopia);
Japan allegedly used mustard against the Chinese
from 1937 to 1944; and Egypt was accused of using
the agent against Yemen in the mid 1960s."

Chemical agents were not used during World
War Il: it is thought that Germany did not use mus-
tard because Hitler had been a mustard victim dur-
ing World War | and was loath to use it. However,
in December 1943, the USS John Harvey, which was
carrying a large number of mustard bombs, was
attacked while docked in Bari, Italy. There were
617 U.S. mustard casualties (83 fatal) from exploded
shells in the water and from the smoke of the burn-
ing mustard. In addition, an unknown number of
Italian civilians were casualties from the smoke.'?*
(The incident at Bari is discussed in greater detail
in this volume in Chapter 3, Historical Aspects of
Medical Defense Against Chemical Warfare, and in
Occupational Health: The Soldier and the Industrial
Base,* another volume in the Textbook of Military
Medicine series.)

Iraq employed mustard against Iran during the
Iran-Iraq War (1982-1988). One source’ estimates
that there were 45,000 mustard casualties. In 1989,
the journal Annales Medicinae Militaris Belgicae pub-



lished a monograph by Jan L. Willems® that re-
ported the western European experience treating a
selected population of Iranian casualties of mustard.
Willems reports that in March 1984, February 1985,
and March 1986, Iranian casualties were sent to
hospitals in Ghent, Belgium, and other western
European cities for treatment. More casualties ar-
rived in 1987. Because the hospital physicians
lacked clinical experience in treating chemical war-
fare casualties, treatment policies varied.

In an attempt to establish whether chemical war-
fare agents had been used during the war, three
United Nations missions (in 1984, 1986, and 1987)
conducted field inspections, clinical examination of
casualties, and laboratory analyses of chemical
ammunition. The missions concluded that*®

= aerial bombs containing chemical weapons
were used in some areas of Iran,

< sulfur mustard was the primary chemical
agent used, and

« there was some use of the nerve agent
tabun.

Since mustard was introduced, a number of
nonbattlefield exposures have occurred. Several
occurred in the North Sea, where fishermen were
exposed to mustard after dredging up munitions
dumped there after World War 11.Y?° Others oc-
curred when children found and played with mus-
tard shells; the children were injured when the
shells exploded, and several of the children died.?*
There have also been reported incidents of labora-
tory workers® and, in one instance, of soldiers in
their sleeping quarters® who were accidentally ex-
posed to mustard. In yet another incident, a sou-
venir collector unearthed a mustard shell.®

Properties

Mustard is an oily liquid and is generally regarded
as a “persistent” chemical agent because of its low
volatility. In cool weather there is little vapor; how-
ever, mustard’s evaporation increases as the tempera-
ture increases. At higher temperatures, such as those
in the Middle East during the hot season, 38°C to 49°C
(100°F-120°F), mustard vapor becomes a major haz-
ard. For example, the persistency of mustard (in sand)
decreased from 100 hours to 7 hours as the tempera-
ture rose from 10°C to 38°C (50°F-100°F).% Although
heat increases the vapor hazard, the rapid evapora-
tion decreases the task of decontamination.

World War | data® suggest that the warming of
the air after sunrise caused significant evaporation

Vesicants

of mustard from the ground. Mustard attacks were
frequently conducted at night, and the liquid agent
did not readily evaporate in the cool night air. Sev-
eral hours after daybreak, however, the sun-
warmed air would cause the mustard to vaporize.
By this time, thinking the danger from the attack
was over, the soldiers had removed their masks;
thus they fell victim to the evaporating mustard.
This combination of events produced a significant
number of casualties among the soldiers. Because
of these nighttime shellings, it soon became stan-
dard policy not to unmask for many hours after
daybreak.

Mustard vapor has a density 5.4-fold greater than
that of air, causing it to hug the ground and sink
into trenches and gullies. When mustard slowly
evaporates, a detector held 3 to 6 feet above the
ground may indicate no agent in the air; but closer
to the ground, at 6 to 12 inches, the concentration
might range from 1 to 25 mg/m3. Despite this low
volatility, more than 80% of the mustard casualties
during World War | were caused by vapor, not the
liquid form of mustard.?”’

The freezing temperature for mustard is 57°F.
This high freezing point makes mustard unsuitable
for delivery by aircraft spraying or for winter dis-
persal. Therefore, to lower the freezing point, mus-
tard must be mixed with another substance. During
World War |, mustard was mixed with chloropicrin,
chlorobenzene, or carbon tetrachloride to lower
its freezing point.> Today, mustard can be mixed
with Lewisite to increase its volatility in colder
weather.

Mustard’s high freezing point made it useful
during those times of the year when the nighttime
temperature was about 10°C (50°F) and the daytime
temperature was in the 15°C to 21°C (60°F-70°F)
range. In warm weather, mustard is 7- to 8-fold
more persistent than Lewisite; therefore, it is highly
desirable for use in such geographical areas as the
Middle East.

Toxicity

For liquid mustard on the skin, the dose that is
lethal to 50% of the exposed population (LDg) is
about 100 mg/kg, or about 7.0 g for a person weigh-
ing 70 kg. This is about 1.0 to 1.5 teaspoons of lig-
uid; this amount will cover about 25% of the body
surface area. An area of erythema with or without
blisters caused by liquid mustard that covers this
or a larger area of skin suggests that the recipient
has received a lethal amount of mustard. A 10-ug
droplet will produce vesication.
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On the other hand, exposure to a vapor or aero-
sol in air is usually described as the product of the
concentration (C, expressed as milligrams per cu-
bic meter) and the time the exposure lasted (t, ex-
pressed as minutes):

Ct = mgemin/m3

Thus, the effect produced by an aerosol or vapor
exposure to 0.05 mg/m?3 = 100 minutes is equal to
the effect produced by an exposure to 5 mg/m3 « 1
minute; in either case, Ct =5 mgemin/m3. (Ct, and
particularly its relation to LD, are discussed in
greater detail in Chapter 5, Nerve Agents; see Ex-
hibit 5-1.)

Eye damage was produced by a Ct of 10 mgemin/
m3 or less under laboratory conditions?; other esti-
mates® for the eye damage threshold under field
conditions range from 12 to 70 mgemin/m3. The
estimated Ct for airway injury ranges from 100 to
500 mgemin/m3. The threshold for skin damage is
highly dependent on skin site, heat, sweating, and
other factors (localized sweating will lower the
threshold on the portion of the skin that is sweat-
ing®); the threshold is generally in the range of 200
to 2,000 mgemin/m3,

Biochemical Mechanisms of Injury

Although mustard has been considered a major
chemical weapon for 75 years, there is still no clear
understanding of its biochemical mechanism of ac-
tion; therefore, no specific therapy for its effects
exists. While the chemistry of mustard interaction
with cellular components is well defined, the cor-
relation of this interaction with injury has not been
made. Over the past few decades, scientists have
made major advances in understanding the cellu-
lar and biochemical consequences of exposure to
mustard and have put forth several hypotheses, two
of which are discussed below, to account for mus-
tard injury (Figure 7-1).%332

The mustards—both sulfur and nitrogen—are
alkylating agents that act through cyclization of an
ethylene group to form a highly reactive sulfonium
or immonium electrophilic center. This reactive
electrophile is capable of combining with any of the
numerous nucleophilic sites present in the macro-
molecules of cells. The products of these reactions
are stable adducts that can modify the normal func-
tion of the target macromolecule. Because nucleo-
philic areas exist in peptides, proteins, ribonucleic
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Fig. 7-1. The putative mechanisms by which sulfur mustard causes tissue damage. Adapted from US Army Medical
Research Institute of Chemical Defense. A global picture of battlefield vesicants, I: A comparison of properties and

effects. Med Chem Def. 1992;5(1):6.
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acid (RNA), deoxyribonucleic acid (DNA), and
membrane components, researchers have tried to
identify the most critical biomolecular reactions
leading to mustard injury.

Due to the highly reactive nature of mustard, it
is conceivable that the injury following tissue ex-
posure may result from a combination of effects
described below in both hypotheses; or injury may
result from additional changes not yet described in
a formal hypothesis. Whether the initiating event
is alkylation of DNA or modification of other cellu-
lar macromolecules, however, these steps would
disrupt the epidermal-dermal junction. Once the
site of tissue injury is established, the pathogenic
process leading to formation of fully developed blis-
ters must involve an active inflammatory response
and altered fluid dynamics in the affected tissue.

Mustard also has cholinergic action stimulating
both muscarinic and nicotinic receptors.®

Alkylation of Deoxyribonucleic Acid

The first proposed hypothesis for the possible
mechanism of injury for mustard links alkylation
of DNA with the cellular events of blister forma-
tion.** According to this proposal, alkylation of
DNA by sulfur mustard results in strand breaks.
The strand breaks trigger activation of a nuclear
DNA repair enzyme, poly(ADP-ribose) polymerase
(PADPRP). Excessive activity of this enzyme de-
pletes cellular stores of nicotinamide adenine di-
nucleotide (NAD™), a critical cofactor and substrate
needed for glycolysis.®** Inhibition of glycolysis
would cause a buildup of glucose-6-phosphate, a
substrate in the hexose monophosphate shunt.®®
Stimulation of the hexose monophosphate shunt
results in activation of cellular proteases.* Since a
principal target of mustard in the skin is the basal
epidermal cell,”® protease from these cells could
account for the cleavage of the adherent fibrils con-
necting the basal epidermal cell layer to the base-
ment membrane.

Thus far, data in animal and cellular systems are
consistent with many aspects of this hypothesis,
which has DNA damage as the initiating step and
PADPRP activation as a critical event. Studies in
human skin grafts,® epidermal keratinocytes,* and
leukocytes in culture®; and in the euthymic hair-
less guinea pig* have shown decreases in cellular
NAD™ as a consequence of PADPRP activation fol-
lowing sulfur mustard-induced DNA damage.
Niacinamide and other inhibitors of the PADPRP
can ameliorate the pathology developing in both
living animal and cellular models.*%4 Unfortu-
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nately, while niacinamide has some beneficial ac-
tions, the protection it affords is never complete and
is limited in duration.*** No evidence currently
shows activation of the hexose monophosphate
shunt following mustard exposure, but significant
metabolic disruptions in human keratinocytes have
been reported after mustard exposure.* Protease
activity is increased in human cells exposed in vitro
to mustard.**

While many aspects of the PADPRP hypothesis
have been verified, and there is good linkage be-
tween proposed steps of this pathway and mustard-
induced cytotoxicity, no direct correlation with the
full range of tissue pathologies seen following mus-
tard exposure has yet been established. Even though
DNA is an important macromolecular target of
mustard alkylation in the cell, several other hypoth-
eses of mustard toxicity have been developed that
are based on mustard’s reaction with other cellular
components. For a review of all such hypotheses,
see Medical Defense Against Mustard Gas: Toxic
Mechanisms and Pharmacological Implications?;
only those undergoing active investigation are dis-
cussed here.

Reactions With Glutathione

The second major hypothesis to explain the ef-
fects of mustard is that it reacts with the intracellu-
lar free radical scavenger glutathione, GSH, thereby
depleting it, resulting in a rapid inactivation of sulf-
hydryl groups and the consequent loss of protec-
tion against oxygen-derived free radicals, specifi-
cally those causing lipid peroxidation.*® In 1987,
Orrenius and Nicotera® established that menadi-
one-induced depletion of GSH resulted in loss of
protein thiols and inactivation of sulfhydryl-con-
taining enzymes. Included in this class of thiol pro-
teins are the calcium and magnesium adenosine
triphosphatases, which regulate calcium homeosta-
sis. With the inactivation of the enzymes that con-
trol thiol proteins, intracellular calcium levels
would increase. High calcium levels within the cell
trigger activation of protease, phospholipases, and
endonucleases, which could give rise to the break-
down of membranes, cytoskeleton, and DNA that
would result in cell death.

A report® suggested that this mechanism could
be activated by mustards and might be the mecha-
nism of mustard injury. While several aspects of
the thiol-calcium hypothesis (eg, release of arachi-
donic acid and decrease in membrane fluidity) have
been observed in cell cultures following sulfur
mustard exposure,® no definitive studies have
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drawn an association between calcium disruptions
and mustard-induced pathology.

Another proposed consequence of the mecha-
nism—based on the depletion of GSH following
mustard exposure—is lipid peroxidation.®**® Ac-
cording to this hypothesis, depletion of GSH allows
the formation of oxygen-derived free radicals. The
oxidizing compounds thus formed will react with
membrane phospholipids to form lipid peroxides
that could, in turn, lead to membrane alterations,
changes in membrane fluidity, and eventual break-
down of cellular membranes.

As previously mentioned, studies® have shown
changes in membrane fluidity following sulfur
mustard exposure. In addition, in 1989, Elsayed and
colleagues® demonstrated the presence of lipid
peroxidation indicators in the tissue of mice ex-
posed to subcutaneous butyl mustard. However,
as with the thiol-calcium hypothesis, no studies
have directly linked lipid peroxidation with the
mustard-induced injury.

Metabolism

The mechanism or mechanisms by which mus-
tard is thought to cause tissue damage are described
above. As the first step in any of the theories, mus-
tard cyclizes to a sulfonium electrophilic center.
This highly reactive moiety, in turn, combines with
peptides, proteins, DNA, or other substances. Af-
ter a few minutes in a biological milieu, intact mus-
tard is no longer present; the reactive electrophile
has attached to another molecule and is no longer
reactive. The rapidity of this reaction also means
that within a few minutes mustard has started to
cause tissue damage. The clinical relevance is that
intact mustard or its reactive metabolic product is
not present in tissue or biological fluids, including
blister fluid, a few minutes after the exposure; how-
ever, clothing, hair, and skin surfaces may still be
contaminated hours later.

Several studies®®332% support the observation
that intact or active mustard is not present in tissue
or biological fluids after a few minutes. Occlud-
ing the blood supply to areas of the intestinal tract
or to selected bone marrow for a few minutes pro-
tected these organs from the effects of a lethal
amount of intravenously administered mustard.
Approximately 85% of S-labeled mustard*® disap-
peared from the blood of humans after several min-
utes,*® and the half-life for intravenously adminis-
tered mustard to disappear from the blood of pig-
lets was about 2 minutes.®” Mustard blister fluid did
not produce a reaction when instilled into the eyes
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of animals or humans® or onto the skin of humans.®
A continuing outbreak of smaller vesicles near a
source of blister fluid is probably the result of these
areas having received an additional amount of ex-
posure and not from contamination by the blister
fluid. %

Clinical Effects

The organs most commonly affected by mustard
are the skin, eyes, and airways (Table 7-3): the or-
gans with which mustard comes in direct contact.
After a significant amount of mustard has been ab-
sorbed through the skin or inhaled, the hemopoi-
etic system, gastrointestinal tract, and CNS are also

TABLE 7-3

INITIAL CLINICAL EFFECTS FROM
MUSTARD EXPOSURE

Onset of

Organ Severity  Effects First Effect

Eyes Mild Tearing 4-12 h
Itchy
Burning
Gritty feeling
Moderate Above effects, plus: 3-6h
Reddening
Lid edema

Moderate pain

Marked lid edema

Possible corneal
damage

Severe 1-2h

Severe pain

Airways Mild Rhinorrhea 6-24 h
Sneezing
Epistaxis
Hoarseness
Hacking cough
Severe Above effects, plus: 2-6h
Productive cough

Mild-to-severe
dyspnea
Skin Mild

Erythema 2-24 h

Severe Vesication




damaged. Mustard may also affect other organs but
rarely do these produce clinical effects.

During World War I, 80% to 90% of U.S. mustard
casualties had skin lesions, 86% had eye involve-
ment, and 75% had airway damage.®* These percent-
ages are somewhat different from those seen in Ira-
nian casualties, however. Of a group of 233 severely
injured Iranian soldiers sent to western European
hospitals by the Iranian government for treatment
during the Iran-lraq War, 95% had airway involve-
ment, 92% had eye signs and symptoms, and 83%
had skin lesions.® In a series of 535 Iranian casual-
ties, including civilians, admitted to a dermatology
ward, 92% had skin lesions and 85% had conjunc-
tivitis; of the total number of patients, 79% had
erythema and 55% had blisters. (Casualties with
more serious problems, including injury to the pul-
monary tract, were admitted to other wards).%

The slightly higher percentage of airway and eye
involvement in Iranian soldiers versus U.S. World
War | casualties is perhaps attributable to the higher
ambient temperature in the area (compared with
Europe), which caused more vaporization; it might
also have been because Iranian protective equip-
ment was not as good as that used during World
War |, or the masks may not have been completely
sealed because of facial hair. In 1984, the year the
first Iranian casualties were treated in Europe, pro-
tective clothing and gas masks were not commonly
worn by Iranian soldiers. Later, when gas masks
became available, they probably were not fully ef-
fective; it is not known whether masking drills were
carefully performed by the soldiers.™

Mustard-related death occurs in about 3% of the
casualties who reach an MTF; of those who die, most
die 4 or more days after exposure. Table 7-4 illus-
trates the breakdown, in percentages, of British
troops who died after exposure to mustard during
World War 1.#* Of the casualties who died, 84% re-
quired at least 4 days of hospitalization. The causes
of death are usually pulmonary insufficiency from
airway damage, superimposed infection, and sep-
sis. Rarely, the amount of mustard will be over-
whelming and cause death within 1 to 2 days; in
these circumstances, death might be due to neuro-
logical factors®? or massive airway damage.

Willems’s report’® on Iranian casualties treated
in western European hospitals gives some idea of
the effect of medical advances since World War |
on the management of mustard casualties. Clinical
files of 65 of these casualties were studied in detail.
Eight patients died between 6 and 15 days after ex-
posure. One patient died 185 days after exposure:
he had received ventilatory support for an extended
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TABLE 7-4

WORLD WAR I*DEATHS AFTER EXPOSURE
TO MUSTARD

Day of Death Percentage of

(After Exposure) Deaths
<1 1
2 2
3 5
4 8
5 22
>6 62

*In 4,167 fatal mustard casualties among British troops

Data source: Gilchrist HL. A Comparative Study of WWI Casual-
ties From Gas and Other Weapons. Edgewood Arsenal, Md: US
Chemical Warfare School; 1928: Chart 3, p 14.

period because of severe bronchiolitis complicated
by a series of loculate pneumothoraces. Most
patients returned to Iran in fairly good condition
after 2 to 10 weeks of treatment. Their lesions were
nearly completely healed, although some lesions re-
mained. The duration of hospitalization was deter-
mined mainly by the time needed for healing of the
deeper skin lesions.

Skin

The threshold amount of mustard vapor required
to produce a skin lesion (erythema) is a Ct of about
200 mge=min/m3. This varies greatly depending on
a number of factors, including temperature, humid-
ity, moisture on the skin, and exposure site on the
body. Warm, moist areas with thin skin such as the
perineum, external genitalia, axillae, antecubital
fossae, and neck are much more sensitive. As was
stated earlier, a liquid droplet of about 10 pg will
produce vesication. About 80% of this 10 ug evapo-
rates and 10% enters the circulation, leaving about
1 pg to cause the vesicle. Evaporation of small drop-
lets is rapid and nearly complete in 2 to 3 minutes;
amounts larger than several hundred milligrams
may remain on the skin for several hours.* Mus-
tard vapor rapidly penetrates the skin at the rates
of 1.4 ugZcm2/min at 70°F, and 2.7 pg/cm2/min at
88°F.% Liquid mustard penetrates the skin at 2.2
ngZcm2/min at 60°F and at 5.5 ugZcm2/min at
102°F. Once mustard penetrates the skin, it is
“fixed” to components of tissue and cannot be ex-
tracted.®
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Fig. 7-2. Erythema of the chest of an Iranian casualty as
it appeared 5 days after his exposure to mustard. He also
had a pulmonary injury with an associated broncho-
pneumonia due to infection with Haemophilus influenzae.
The presence of a nasal oxygen catheter is indicative of
the pulmonary insufficiency. Photograph: Reprinted with
permission from Willems JL. Clinical management of
mustard gas casualties. Ann Med Milit Belg. 1989;3S:13.

In one group of people, large differences in skin
sensitivity to mustard were noted; some individu-
als were much more sensitive than others, although
their skin pigment appeared to be equal. Darkly pig-
mented individuals were much more resistant than
lightly pigmented people. Repeated exposures caused
an increase in sensitivity. The horse was the most sen-
sitive among eight nonhuman species tested; the
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Fig. 7-3. The back of an Iranian casualty seen 16 hours
after exposure to mustard. Note the small vesicles in
proximity to the large bullae. Photograph: Reprinted with
permission from Willems JL. Clinical management of
mustard gas casualties. Ann Med Milit Belg. 1989;3S:8.

guinea pig and monkey were the least sensitive; the
dog most closely matched the sensitivity of humans.®

The mildest and earliest form of visible skin in-
jury is erythema, which resembles sunburn (Figure
7-2). It is usually accompanied by pruritus, burn-
ing, or stinging. After a small exposure, this might
be the extent of the lesion. More commonly, small
vesicles will develop within or on the periphery of

a T T T T T T T T T T T T T T T b
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| | | Fig. 7-4. Large and extensive
| | bullae on (a) the hands and (b)
. . | { . o | the feet of Iranian casualties as
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have a purulent base. Note the
| extensive edema that afflicts
N the surrounding skin. The whit-
ish material is an antimicrobial
salve. Photographs: Reprinted
| with permission from Willems
| JL. Clinical management of
mustard gas casualties. Ann
| Med Milit Belg. 1989;3S:14, 15.
|
|



the erythematous areas (like a string of pearls); these
vesicles will later coalesce to form larger blisters
(Figure 7-3). Erythema begins to appear 1 to 24
hours after the skin is exposed to mustard, although
onset can be later. The effects from liquid mustard
appear more rapidly than the effects from mustard
vapor. Characteristically, the onset of erythema is
about 4 to 8 hours after mustard exposure. Vesica-
tion begins about 2 to 18 hours later and may not
be complete for several days.

The typical bulla is dome-shaped, thin-walled,
superficial, translucent, yellowish, and surrounded
by erythema. Generally, it is 0.5 to 5.0 cm in diameter,
although it can be larger (Figure 7-4). The blister
fluid is initially thin and clear or slightly straw-
colored; later it turns yellowish and tends to coagu-
late.®%% The blister fluid does not contain mustard
and is not itself a vesicant. Vapor injury is gener-
ally a first- or second-degree burn; liquid mustard
may produce deeper damage comparable to a third-
degree burn.

After exposure to extremely high doses, such as
those resulting from exposure to liquid mustard,
lesions may be characterized by a central zone of
coagulation necrosis, with blister formation at the
periphery. These lesions are more severe, take
longer to heal, and are more prone to secondary
infection.® Necrosis and secondary inflammation,
which were the expected prominent pathophysiolog-
ical characteristics of a deep burn in the preanti-
biotic era, are evident.
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The major change at the dermal-epidermal junc-
tion, visualized by light microscopy, is liquefaction
necrosis of epidermal basal cell keratinocytes (Fig-
ure 7-5). Nuclear swelling within basal cells starts
as early as 3 to 6 hours after exposure,® and
progresses to pyknosis of nuclei and disintegration
of cytoplasm. The pathological process can be de-
scribed as follows (Figure 7-6 illustrates this pro-
cess further):

By a coalescence of neighboring cells undergoing
the process of swelling, vacuolar, or hydropic de-
generation (“liquefaction necrosis”) and rupture,
spaces of progressively increasing size are formed.
This usually involves dissolution of cells of the
basal layer, resulting in defects in the basal por-
tion of the epidermis and separation of the upper
layers of the epidermis from the corium....At first,
there are multiple focal areas of such microvesicle
formation, with septa of as yet uninvolved epider-
mal cells. Progressive dissolution of the cells of
such septa follows, and although intact or partially
degenerated basal cells may remain in the floor of
the microvesicles at first, these also soon disinte-
grate as the vesicles enlarge.®

An electron microscopy study® published in
1990, of mustard lesions in human skin grafted onto
nude mice, confirmed that damage to the basal cells
(nucleus, plasma membrane, anchoring filaments)
resulted in the separation of epidermis from der-
mis and the formation of a subepidermal microblister.
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Fig. 7-5. The spectrum of cutaneous mustard injury as seen on light microscopy extends from superficially intact skin
to sloughing of the epidermis. (a) A skin biopsy taken from an Iranian casualty on the 11th day following exposure to
mustard. The gross appearance was of erythema. A cleavage plane is apparent between the dermis and epidermis,
with edema extending into the stratum spinosum. (Note the enlarged spaces between individual cells.) Changes in
cells of the stratum germinativum are difficult to ascertain at this level of magnification, but nuclei of cells on the
extreme right of the figure appear to be pyknotic (shrunken and dark). (b) The biopsy was taken at the site of an
erosion. The epidermis has sloughed, and the superficial dermis is necrotic. White blood cells have infiltrated the
deeper layers of the dermis. Part of an intact hair follicle is seen; the epidermis will ultimately regenerate from such
structures. Reprinted with permission from Willems JL. Clinical management of mustard gas casualties. Ann Med
Milit Belg. 1989;3S:19.
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Fig. 7-6. Light and electron microscopic analysis of hairless guinea pig skin exposed to sulfur mustard vapor reveals
that the epithelial basal cell of the stratum germinativum is selectively affected to the exclusion of other epidermal
cells. Following an apparent latency period of 4 to 6 hours, the basal cell pathology progresses to include extensive
hydropic vacuolation, swollen endoplasmic reticulum, coagulation of monofilaments, nuclear pyknosis, and cell death.
At 12 to 24 hours, characteristic microvesicles/microblisters form at the dermal-epidermal junction, which cleave
the epidermis from the dermis. The cavity formed within the lamina lucida of the basement membrane as a conse-
quence of basal cell pathology—and perhaps as the result of disabling of adherent basement membrane proteins—is
infiltrated with cellular debris, inflammatory cells, fibers, and tissue fluid. (a) This hairless guinea pig perilesional
skin site not exposed to mustard (HD) vapor serves as the control. Epidermis (ep); dermis (d); basement membrane
(arrows); basal cells of stratum germinativum (bc). (b) At 9 hours after exposure to HD vapor, degenerating basal
cells with karyorrhectic and pyknotic nuclei (pyk) can be seen. (¢) At 12 hours after HD exposure, microvesicles (mv)
are forming at the basement membrane zone in association with degenerating basal cells. (d) At 24 hours after HD
exposure, microvesicles have coalesced to form a characteristic microblister (mb), which separates the epidermis
from the dermis. Original magnification x 220. Photographs: Courtesy of John P. Petrali, Ph.D., U.S. Army Medical
Research Institute of Chemical Defense, Aberdeen Proving Ground, Md.

in which liquid mustard was used.” A punctate
hyperpigmentation—possibly due to postinflam-

The healing time for mustard skin lesions depends
on the severity of the lesion. Erythema heals within

several days, whereas severe lesions may require sev-
eral weeks to several months to heal, depending on
the anatomical site, the total area of skin surface af-
fected, and the depth of the lesion (Figure 7-7).*°
One of the interesting characteristics of the cuta-
neous mustard injury that Willems*® reported in the
Iranian casualties was the transient blackening, or
hyperpigmentation, of the affected skin (Figure 7-8).
When the hyperpigmented skin exfoliated, epithe-
lium of normal color was exposed. Vesication was
not necessary for hyperpigmentation to occur. The
syndrome of hyperpigmentation and exfoliation
was commonly recognized in World War | casual-
ties, but less commonly in laboratory experiments
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matory changes—may be apparent in healed, deep
mustard burns (Figure 7-9).

Eye

The eye is the organ most sensitive to mustard.
The Ct required to produce an eye lesion under field
conditions is 12 to 70 mgemin/m3.% The effective
Ct for conjunctivitis, or slightly more severe dam-
age, was just under 10 mg/m3 in 13 subjects; several
subjects had lesions at Cts of 4.8 to 5.8 mgemin/m3.%°
One subject had no symptoms after several hours;
however, by 12 hours after the exposure, marked
blepharospasm and irritation were apparent.
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Fig. 7-8. Transient hyperpigmentation of the injured skin is observed frequently following mustard exposure. It is
caused by the collection of melanin from dead melanocytes at the base of the soon-to-desquamate epidermis and
disappears when the involved skin desquamates. Hyperpigmentation is not dependent on the formation of bullae.
(a) An Iranian casualty as he appeared 5 days following exposure to mustard. Note the extensive desquamation of
hyperpigmented skin on his back and the normal appearance of the underlying skin. This casualty developed a
profound leukopenia (400 cells per pL) and a bronchopneumonia of 10 days’ duration. Resolution of these problems
required a 5-week hospitalization. (b) A different Iranian casualty, seen 12 days after exposure to mustard, has dark-
ening of the skin, desquamation, pink areas showing regeneration of the epidermis, and yellow-white areas of deeper
necrosis. (c) Another casualty’s blackening of the skin and beginning desquamation of the superficial layer of the
epidermis is seen 15 days after mustard exposure. Note the prominence of these changes in the skin of the axilla. (d)
The appearance on light microscopy of a hyperpigmented area. Note the melanin in the necrotic epidermal layer
under which is found a layer of regenerating epidermis. Reprinted with permission from Willems JL. Clinical man-
agement of mustard gas casualties. Ann Med Milit Belg. 1989;3S:13, 18, 29, 30.
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Fig. 7-9. By 32 days after exposure, this Iranian casualty
has punctate hyperpigmentation in a healing deep mus-
tard burn. This condition is perhaps indicative of
postinflammatory changes in the epidermis that has re-
generated from hair follicles. Reprinted with permission
from Willems JL. Clinical management of mustard gas
casualties. Ann Med Milit Belg. 1989;3S:34.

Generally, the asymptomatic period varies with
the concentration of mustard vapor (or the amount
of liquid) and individual sensitivity. The latent
period for eye damage is shorter than that for skin
damage. Eye irritation within minutes after expo-
sure has been reported,'*® but the authors of these
reports speculate that the irritation might have been
due to other causes.

After a low Ct exposure, a slight irritation with
reddening of the eye may be all that occurs (Figure
7-10). As the Ctincreases, the spectrum of injury is
characterized by progressively more severe con-
junctivitis, blepharospasm, pain, and corneal dam-
age.”®®® Photophobia will appear and, even with
mild exposures, may linger for weeks.

Corneal damage consists of edema with cloud-
ing (which affects vision), swelling, and infiltration
of polymorphonuclear cells. Clinical improvement
occurs after approximately 7 days with subsiding
edema. Corneal vascularization (pannus develop-
ment, which causes corneal opacity) with second-
ary edema may last for weeks. Vision will be lost if
the pannus covers the visual axis. Severe effects
from mustard exposure may be followed by scar-
ring between the iris and the lens, which restricts
pupillary movements and predisposes the indi-
vidual to glaucoma.®™

The most severe eye damage is caused by liquid
mustard, which may be delivered by an airborne
droplet or by self-contamination.®® Symptoms may
become evident within minutes after exposure.®
Severe corneal damage with possible perforation of
the cornea can occur after extensive eye exposure
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to liqguid mustard. The patient may lose his vision
or even his eye from panophthalmitis, particularly
if drainage of the infection is blocked, such as by
adherent lids.® Miosis sometimes occurs, probably
due to the cholinergic activity of mustard.

During World War I, mild conjunctivitis ac-
counted for 75% of the eye injuries; complete re-
covery took 1 to 2 weeks. Severe conjunctivitis with
minimal corneal involvement, blepharospasm,
edema of the lids and conjunctivae, and orange-peel
roughening of the cornea accounted for 15% of the
cases; recovery occurred in 2 to 5 weeks. Mild cor-
neal involvement with areas of corneal erosion, su-
perficial corneal scarring, vascularization, and iri-
tis accounted for 10% of the cases; convalescence
took 2 to 3 months. Lastly, severe corneal involve-
ment with ischemic necrosis of the conjunctivae,
dense corneal opacification with deep ulceration,
and vascularization accounted for about 0.1% of the
injuries; convalescence lasted more than 3 months.
Of 1,016 mustard casualties surveyed after World
War 1, only 1 received disability payments for de-
fective vision.%?

Studies conducted on rabbit eyes indicate that
mustard injury to the cornea is characterized by
initial degeneration of the epithelial cells, with
changes ranging from nuclear swelling and nuclear
vacuolization to pyknosis and nuclear fragmenta-
tion. Epithelial loosening and sloughing occurs ei-
ther by separation of the basal cells from the base-
ment membrane or by shearing of the cell just above
its attachment to the basement membrane.™"
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Fig. 7-10. An eye injury of lesser severity in an Iranian
casualty (shown 7 d after exposure) caused by exposure
to mustard. The characteristic findings were edema of
the lid and conjunctival injection. Corneal ulcerations
were found with more severe exposure. Reprinted with
permission from Willems JL. Clinical management of
mustard gas casualties. Ann Med Milit Belg. 1989;3S:12.



Mustard initially causes vasodilation and in-
creased vascular permeability in the conjunctiva,
which lead to progressive edema. Secretion of mu-
cus occurs within minutes of exposure. Pyknosis of
epithelial cells begins concurrently with or shortly
after these changes, leading to desquamation of the
epithelium. In the later stages, inflammatory infil-
tration of connective tissue and exudation are
present.”>"? Medical personnel have reported see-
ing delayed keratitis in humans months to years
after mustard exposure.?®™

Within approximately 5 minutes, liquid mustard
dropped into the eyes of rabbits was absorbed, had
disappeared from the eye’s surface, had passed
through the cornea and the aqueous, and had pro-
duced hyperemia of the iris. Likewise, damage to
other structures (eg, Descemet’s membrane) also
occurred within a similar length of time.?® Decon-
tamination must be performed immediately after
liquid mustard contaminates the eye because ab-
sorption and ocular damage occur very rapidly;
after a few minutes, there will be no liquid remain-
ing on the surface of the eye to decontaminate.

Airways

Mustard produces dose-dependent damage to
the mucosa of the respiratory tract, beginning with
the upper airways and descending to the lower air-
ways as the amount of mustard increases. The in-
flammatory reaction varies from mild to severe,
with necrosis of the epithelium. When fully devel-
oped, the injury is characterized by an acute inflam-
mation of the upper and lower airways, with dis-
charge in the upper airway, inflammatory exudate,
and pseudomembrane formation in the tracheo-
bronchial tree. The injury develops slowly, intensi-
fying over a period of days.

After a low-dose, single exposure, casualties
might notice a variety of catarrhal symptoms ac-
companied by a dry cough; on examination, they
might have pharyngeal and laryngeal erythema.
Hoarseness is almost always present, and the pa-
tient often presents with a barking cough. Typically,
this hoarseness may progress to a toneless voice,
which appears to be particularly characteristic of
mustard exposure. Patients characteristically note
a sense of chest oppression. All of these complaints
typically commence approximately 4 to 6 hours af-
ter exposure, with sinus tenderness appearing
hours later. Vapor concentrations sufficient to cause
these symptoms typically produce reddened eyes,
photophobia, lacrimation, and blepharospasm.
There may be loss of taste and smell. Patients oc-
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casionally experience mild epistaxis and sore throat.
In individuals with abnormal sensitivity (smokers
and patients with irritable airways or acute viral
illness), prominent wheezing and dyspnea may be
present.®®

Exposures to higher concentrations of vapor re-
sult in an earlier onset and greater severity of the
above effects. Hoarseness rapidly progresses to
aphonia. Severe tachypnea and early radiological
infiltrates may appear. More-intense respiratory
exposures create necrotic changes in the respiratory
epithelium that result in epithelial sloughing and
pseudomembrane formation. There may be sub-
stantial airway occlusion from the inflammatory
debris or from pseudomembranes, which can ob-
struct the upper airways as they form or can break
off and obstruct lower airways.'¢58%

The initial bronchitis is nonbacterial. White blood
cell elevation, fever, pulmonary infiltrates seen on
radiograph, and colored secretions may all
be present to mimic the changes of a bacterial pro-
cess. This process is sterile during the first 3 to 4
days; bacterial superinfection occurs in about 4 to
6 days. Careful assessment of the sputum by Gram’s
stain and culture should be done daily.*

Mustard has little effect on lung parenchyma.
Its damage is confined to the airways and the
tissue immediately surrounding the airways, except
after an overwhelming exposure to mustard and
as a terminal event.” These changes are most in-
tense in the upper airways and decrease in the
trachea, bronchi, and smaller bronchioles—
presumably reflecting a differential disposition of

Figure 7-11 is not shown because the copyright
permission granted to the Borden Institute, TMM,
does not allow the Borden Institute to grant per-
mission to other users and/or does not include
usage in electronic media. The current user must
apply to the publisher named in the figure legend
for permission to use this illustration in any type
of publication media.

Fig. 7-11. A surgically excised lung from an Iranian mus-
tard casualty showing bronchiectasis and severe chronic
infection. Reprinted with permission from Freitag L,
Firusian N, Stamatis G, Greschuchna D. The role of bron-
choscopy in pulmonary complications due to mustard
gas inhalation. Chest. 1991;100:1438.
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vapor on the mucosal surface.”*” Pulmonary
edema is not a feature; however, it may occur in
the terminal stages.®™

The lungs of animals exposed to mustard show
alternating areas of atelectasis and emphysema.
Atelectasis is thought to be caused by the clogging
of bronchioles with mucus, and the emphysema is
compensatory.” These findings were confirmed
when lungs resected at thoracotomy from Iranian
casualties from the Iran-lrag War showed similar
effects.” As seen in Figure 7-11, the lungs showed
bronchiectasis and severe chronic inflammation.
The bronchiectasis was due to full-thickness injury
of the airways. In some casualties, this injury healed
by scarring of such intensity that severe and unre-
lenting tracheobronchial stenosis developed.

Gastrointestinal Tract

Nausea and vomiting are common within the
first few hours after mustard exposure, beginning
at about the time the initial lesions become appar-
ent. The early nausea and vomiting, which are gen-
erally transient and not severe, may be caused by
the cholinergic activity of mustard,®* by a general
reaction to injury, or because of the unpleasant
odor.** Nausea and vomiting that occur days later
are probably due to the generalized cytotoxic ac-
tivity of mustard and damage to the mucosa of the
gastrointestinal tract.

Diarrhea is not common, and gastrointestinal
bleeding seems to be even less common. Animals
that were given approximately 1 LDg, of mustard
(administered either intravenously or subcutane-
ously) had profuse diarrhea, which was frequently
bloody®7®; however, this was unusual when mus-
tard was administered percutaneously or by inha-
lation. (Diarrhea was more common after nitrogen
mustard.®)

Diarrhea and gastrointestinal bleeding do not
seem to be common in humans. Of 107 autopsied
cases, none had experienced diarrhea; and in the
57 cases in which the gastrointestinal tract was thor-
oughly examined, none had significant lesions.” In
several reported series of Iranian casualties, total-
ing about 700 casualties, few had diarrhea and only
a very few who died had bloody diarrhea.'®%"
Constipation was noted in casualties with mild ex-
posure.®

Central Nervous System

Although the effects are not usually prominent
clinically, mustard affects the CNS. Reports of
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World War | casualties described apathy, depres-
sion, intellectual dullness, and languor.®® Of 233 Ira-
nian casualties sent to various western European
hospitals for medical care during the Iran-Irag War,
about 83% had CNS complaints; most complaints,
however, were mild and nonspecific.®

Large amounts of mustard administered to ani-
mals (via the inhalational, intravenous, subcutane-
ous, or intramuscular routes) caused hyperexcitabil-
ity, abnormal muscular movements, convulsions,
and other neurological manifestations.®® Animals
died a “neurological death” a few hours after re-
ceiving a lethal amount of mustard.® Autopsies of
these animals disclosed few abnormalities.®

After three children were accidentally exposed
to a large amount of mustard, two of them presented
with abnormal muscular activity, and the third
alternated between coma and agitation. The first
two children died 3 to 4 hours after exposure, pos-
sibly from neurological mechanisms.?? Whether
these CNS manifestations are from a cholinergic
activity of mustard or from other mechanisms is
unknown.

Death

Most casualties die of massive pulmonary dam-
age complicated by infection (bronchopneumonia)
and sepsis (resulting from loss of the immune
mechanism). When exposure is not by inhalation,
the mechanism of death is less clear. In studies with
animals in which mustard was administered via
routes other than inhalational, the animals died
from 3 to 7 days after the exposure; they had no
signs of pulmonary damage and often had no signs
of sepsis. The mechanism of death was not clear,
but autopsy findings resembled those seen after
radiation.® (Mustard is considered to be a radio-
mimetic because it causes tissue damage similar to
that seen after radiation.)

Diagnosis

The differential diagnosis of mustard casualties
on the battlefield after a known chemical attack is
not difficult. The history of a chemical attack is use-
ful, particularly if the chemical agent is known.
Simply questioning the casualty about when the
pain started—whether it started immediately after
the exposure or hours later—is very helpful.
Whereas pain from Lewisite (the other vesicant that
causes blistering) begins seconds to minutes after
exposure, pain from mustard does not begin until
the lesion develops hours later.



Blisters appearing simultaneously in a large
number of people, in the absence of a known chemi-
cal attack, should alert medical personnel to search
the area with a chemical agent detector. Because
naturally occurring organisms, both plants and in-
sects, cause similar blisters, the appearance of one
or more blisters in only a single individual makes
exposure to a natural substance the more likely
possibility.

Laboratory Tests

There is no specific laboratory test for mustard
exposure. As inflammation and infection occur,
signs of these (eg, fever and leukocytosis) will de-
velop. Several investigational studies have demon-
strated the presence of significant amounts of
thiodiglycol, a major metabolite of mustard, in the
urine of mustard casualties. In two studies,®® Ira-
nian casualties had higher amounts of thiodiglycol
in their urine than did control subjects. In a third
study, the urinary thiodiglycol secreted by a labo-
ratory worker accidentally exposed to mustard was
guantitatively measured for a 2-week period (his
postrecovery urine was used as a control); the half-
life of thiodiglycol was 1.18 days.? The procedure
for analysis of thiodiglycol is described in Techni-
cal Bulletin Medical 296.%

Patient Management

Decontamination within 1 or 2 minutes after expo-
sure is the only effective means of preventing or decreas-
ing tissue damage from mustard. This decontamina-
tion is not done by medical personnel. It must be
performed by the soldier himself immediately af-
ter the exposure. Generally, a soldier will not seek
medical help until the lesions develop, hours later.
By that time, skin decontamination will not help the
soldier because mustard fixes to the skin within min-
utes, and tissue damage will already have occurred.®

If any mustard remains on the skin, late decon-
tamination will prevent its spreading to other ar-
eas of the skin; but after several hours, spreading
will probably already have occurred. Decontami-
nation will, however, prevent mustard from spread-
ing to personnel who handle the casualty.

By the time a skin lesion has developed, most of
the mustard will already have been absorbed (and
the chemical agent will have fixed to tissue); and,
unless the site was occluded, the remaining unab-
sorbed agent will have evaporated. Mustard droplets
disappear from the surface of the eye very quickly, so
late flushing of the eye will be of no benefit, either.

Vesicants

However, all chemical agent casualties must be
thoroughly decontaminated before they enter a
clean MTF. This should be done with the realiza-
tion that by the time a contaminated soldier reaches
an MTF, this decontamination will rarely help the
casualty; it does, however, prevent exposure of
medical personnel.

Mustard casualties generally fall into three
categories. The first is the return to duty cate-
gory. These individuals have a small area of
erythema or one or more small blisters on noncriti-
cal areas of their skin; eye irritation or mild con-
junctivitis; and/or late-onset, mild upper respira-
tory symptoms such as hoarseness or throat irrita-
tion and a hacking cough. If these casualties are seen
long after exposure, so that there is good reason to
believe that the lesion will not progress signifi-
cantly, they can be given symptomatic therapy and
returned to duty.

The second category includes casualties who
appear to have non-life-threatening injuries but
who are unable to return to duty. Casualties with
the following conditions must be hospitalized for
further care:

= alarge area of erythema (with or without
blisters),

= an extremely painful eye lesion or an eye
lesion that hinders vision, and

= arespiratory injury with moderate symp-
toms that include a productive cough and
dyspnea.

Some of these conditions may develop into life-
threatening injuries, and these categories, therefore,
should be used only to assess a casualty’s present-
ing condition. For example, an area of erythema
caused by liquid mustard that covers 50% or more
of the body surface area suggests that the individual
was exposed to 2 LDg, of the agent. Likewise, dysp-
nea occurring within 4 to 6 hours after the expo-
sure suggests inhalation of a lethal amount of
mustard.

The third category comprises those casualties
who appear to have life-threatening injuries when
they first present at an MTF. Life-threatening inju-
ries include large skin burns caused by liquid
mustard, and early onset of moderate-to-severe pul-
monary symptoms. Most of the casualties in this
category will die from their injuries.

Many mustard casualties will fall into the first
category, the majority will fall into the second cat-
egory, and only a very small percentage of casual-
ties will fall into the third category. Data from World
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War |, in which only 3% of mustard injuries were
lethal despite the unsophisticated medical care at
that time (eg, no antibiotics), suggest that most
mustard casualties are not severely injured and that
most of them will survive.

Most casualties of mustard exposure will, how-
ever, require some form of medical care—from a few
days to many weeks. Eye care and airway care will
promote healing within weeks; skin lesions take the
longest to heal and may necessitate hospitalization
for months.® Casualties with mild-to-moderate
mustard damage will need supportive care. Pain
control is extremely important. Fluids and electro-
lytes should be carefully monitored. Although there
is not a great deal of fluid loss from mustard burns
(compared with thermal burns), a casualty will
probably be dehydrated when he enters the MTF;
and a sick patient usually does not eat or drink
enough. Parenteral fluid supplements and vitamins
may be of benefit. Casualties who have lost their
eyesight because of mustard exposure should be
reassured that they will recover their vision.

Casualties who do become critically ill from their
exposure to mustard will present with large areas
of burns, major pulmonary damage, and immuno-
suppression. Some of the casualties may die from
sepsis or from overwhelming damage to the airways
and lungs. Medical officers should remember, how-
ever, that even with the limited medical care avail-
able in World War |, very few deaths were caused
by mustard exposure.

Despite the attention given to mustard since
World War I, research has not produced an antidote.
Because casualties have been managed in different
eras and, more recently, in different medical cen-
ters, there have been no standard methods of casu-
alty management, nor have there been any con-
trolled studies of one method compared to another.
The following advice describes care by organ sys-
tem. Most casualties will have more than one sys-
tem involved, and many of these casualties will be
dehydrated and have other injuries as well.

Skin

The general principles for managing a mustard
skin lesion are to keep the casualty comfortable,
keep the lesion clean, and prevent infection. The
burning and itching associated with erythema can
be relieved by calamine or another soothing lotion
or cream such as 0.25% camphor and menthol.
These lesions should heal without complication.

Small blisters (< 1 cm) should be left alone; how-
ever, the surrounding area should be cleaned (irri-
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gated) at least once daily. An application of a topi-
cal antibiotic should immediately be applied to the
blisters and the surrounding area. The blisters and
the surrounding area do not need to be bandaged
unless the casualty will be returning to duty.

Larger blisters (> 1 cm) should be unroofed
and the underlying area should be irrigated (2 to 4
times daily) with saline, sterile water, or clean soapy
water, and liberally covered (to a depth of 1 mm)
with a topical antibiotic cream or ointment (silver
sulfadiazine, mafenide acetate, bacitracin, or
Neosporin [Burroughs Wellcome Co., Research Tri-
angle Park, N. C.]). Dakin’s solution (hypochlorite)
was used on patients in World War 1 and during
the Iran-lrag War?® as an irrigating solution. It does
not detoxify the chemical agent in the skin, as was
once thought; however, it is an adequate antiseptic
and keeps the area clean. Multiple or large areas of
vesication necessitate hospitalization for frequent
and careful cleaning; a whirlpool bath is a useful
means of irrigation. In general, care of mustard
skin lesions is the same as that of second-degree
thermal burns, although the pathophysiology is
different.

Systemic analgesics should be given liberally,
particularly before manipulation of the burned area.
Systemic antipruritics (eg, trimeprazine) may be
useful. Fluid balance and electrolytes should be
monitored. Fluids are lost into the edematous ar-
eas, but fluid replacement is of less magnitude than
that required for thermal burns. Medical personnel
accustomed to treating patients with thermal burns
must resist the temptation to overhydrate mustard
burn patients, which could lead to untoward con-
sequences such as pulmonary edema.*®

Skin healing can take weeks to months but usu-
ally is complete, although pigment changes may
persist. Scarring is proportional to the depth of the
burn. Skin grafting is rarely needed, but it was suc-
cessful in one person who had a deep burn.®

Eyes

The basic principles of eye care are to prevent
infection and to prevent scarring. Although it is
unlikely that mustard will still be in the eye by the
time the casualty is seen, the eye should be irrigated
to remove any possible chemical agent that might
be on the lashes and to remove any inflammatory
debris that might be on the surface of the eye. Mild
lesions (eg, conjunctivitis) can be treated three to
four times daily with a soothing eye solution.

Casualties with more-severe eye lesions should
be hospitalized. Care for these patients should con-



sist of at least one daily irrigation, preferably more,
to remove inflammatory debris; administration of
a topical antibiotic three to four times daily; and
administration of a topical mydriatic (atropine or
homatropine) as needed to keep the pupil dilated
(to prevent later synechiae formation). Vaseline or
a similar material should be applied to the lid edges
to prevent them from adhering to each other; this
reduces later scarring and also keeps a path open
for possible infection to drain. (When animals’ eyes
were kept tightly shut, a small infection could not
drain, and a panophthalmitis developed that com-
pletely destroyed the eyes.®)

Topical analgesics may be used for the initial ex-
amination; however, they should not be used rou-
tinely as they might cause corneal damage. Pain
should be controlled with systemic analgesics. The
benefit of topical steroids is unknown; however,
some ophthalmologists feel that topical steroids
may be helpful if used within the first 48 hours af-
ter the exposure (but not after that). In any case,
an ophthalmologist should be consulted as early
as possible on this and other questions of care.
Keeping the casualty in a dim room or providing
sunglasses will reduce the discomfort from photo-
phobia.

The transient loss of vision is usually the result
of edema of the lids and other structures and not
due to corneal damage. Medical personnel should
assure the patient that vision will return. Recovery
may be within days for milder injuries, while those
with severe damage will take approximately a
month or longer to recover.

Airways

The therapeutic goal in a casualty with mild
airway effects (eg, irritation of the throat, nonpro-
ductive cough) is to keep him comfortable. In a ca-
sualty with severe effects, the goal is to maintain
adequate oxygenation. Antitussives and demul-
cents are helpful for persistent, severe, non-
productive cough. Steam inhalation might also be
useful.

Hypoxia is generally secondary to the abnormali-
ties in the ventilation—-perfusion ratio caused by
toxic bronchitis. Mucosal sloughing further compli-
cates this abnormality. Underlying irritable airways
disease (hyperreactive airways) is easily triggered;
consequently, therapy with bronchodilators may be
necessary. Casualties with hyperreactive airways
may benefit from steroid treatment with careful at-
tention to the added risk of superinfection. Oxygen
supplementation may be necessary for prolonged

Vesicants

periods; this will depend, primarily, on the inten-
sity of mustard exposure and the presence of any
underlying pulmonary disorder.

Hypercarbia may result from a previously unrec-
ognized hyperreactive airways state or from abnor-
mal central sensitivity to carbon dioxide, compli-
cated by increased work of respiration (this state
may result from bronchospasm). Bronchodilators
are acceptable initial therapy. Ventilatory support
may be necessary to assist adequate carbon diox-
ide clearance. The use of certain antibiotic skin
creams (such as mafenide acetate) to treat skin le-
sions may complicate the acid-base status of the
individual by inducing a metabolic acidosis. Ste-
roids should be considered if a prior history of
asthma or hyperreactive airways disease is ob-
tained.

Initially, the bronchitis resulting from mustard
exposure is nonbacterial. White blood cell eleva-
tion, fever, pulmonary infiltrates on a chest radio-
graph, and colored sputum may all be present; how-
ever, careful assessment of sputum by Gram’s stain
and culture demonstrates that bacterial superinfec-
tion typically is not present during the first 3 to 4
days. Antibiotic therapy should be withheld until
the identity of a specific organism becomes avail-
able. Of particular importance is the patient’s im-
mune status, which may be compromised by a pro-
gressive leukopenia beginning about day 4 or 5. The
development of leukopenia signals severe immune
system dysfunction; massive medical support may
become necessary for these patients. In these in-
stances, sepsis typically supervenes, and despite
combination antibiotic therapy, death commonly
occurs.

A casualty with severe pulmonary signs should
be intubated early, before laryngeal spasm makes
it difficult or impossible. Intubation assists in ven-
tilation and also allows suction of necrotic and in-
flammatory debris. Bronchoscopy may be necessary
to remove intact pseudomembranes or fragments
of pseudomembranes; one of the Iranian casualties
treated in western European hospitals during the
Iran-lraq War died of tracheal obstruction by
a pseudomembrane. Early use of positive end-ex-
piratory pressure or continuous positive airway
pressure may be beneficial. The need for continu-
ous ventilatory support suggests a bad prognosis;
of the Iranian casualties treated in western Euro-
pean hospitals who needed assisted ventilation,
87% died.™

An especially devastating pulmonary complica-
tion, severe and progressive stenosis of the tracheo-
bronchial tree (Figure 7-12), was found in about
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10% of the Iranian casualties treated in western Eu-
ropean hospitals during the Iran-lraq War. This
complication was not recognized in World War |
mustard casualties because the degree of exposure
required to cause severe tracheobronchial injury
resulted in early death from pneumonia: we must
remember the primitive nature of early 20th-cen-
tury medicine and its lack of antibiotics. With the
Iranian casualties, bronchoscopy was of value when
used both for diagnosis and for therapeutic dila-
tion.” However, given the progressive nature of the
scarring, unnaturally early death from respiratory
failure is to be expected in all such casualties.
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Fig. 7-12. (a) Bronchoscopic view of the tra-
chea in an Iranian casualty 3 weeks after ex-
posure to mustard. Severe hemorrhagic bron-
chitis, mucosal necrosis, and early scarring
are apparent. (b) Bronchogram from an Ira-
nian casualty 1 year after his exposure to
mustard. The tip of a 10-mm rigid broncho-
scope can be seen at the upper margin of the
figure. Severe generalized narrowing of the
entire tracheobronchial tree is apparent. The
casualty presented with dyspnea, cough, hy-
poxia, and hypercarbia. (¢) Bronchoscopic
appearance of the carina of an Iranian casu-
alty who had been exposed to mustard
several years before. There is nearly total oc-
clusion of the left main-stem bronchus. Re-
printed with permission from Freitag L,
Firusian N, Stamatis G, Greschuchna D. The
role of bronchoscopy in pulmonary compli-
cations due to mustard gas inhalation. Chest.
1991;100:1437-1438.

Gastrointestinal Tract

The initial nausea and vomiting are rarely severe
and can usually be relieved with atropine or com-
mon antiemetics. Later vomiting and diarrhea are
usually indicative of systemic cytotoxicity and re-
quire fluid replacement.

Bone Marrow
Suppression of the hemopoietic elements cannot

be predicted from the extent of skin lesions (eg, the
lesions might be from vapor and therefore superfi-



cial, but significant amounts of mustard may have
been absorbed by inhalation). Frequent counts of
the formed blood elements must be done on a ca-
sualty who has significant skin lesions or airway
damage. Mustard destroys the precursor cells, and
cell elements in the blood are depressed. Because
white blood cells have the shortest life span, their
numbers decrease first; the red blood cells and the
thrombocytes soon follow if the casualty lives long
enough or does not start to recover. Typically, leu-
kopenia begins at day 3 through day 5 after the ex-
posure, and reaches a nadir in 310 6,* or 7 to 9,
days. Leukopenia with a cell count lower than 200
cells/mm3 usually signifies a bad prognosis,* as
does a rapid drop in the cell count; for example,
from 30,000 to 15,000 cells/mm?2 in a day.*

Medical personnel should institute therapy that
sterilizes the gut with nonabsorbable antibiotics at
the onset of leukopenia.® Cellular replacement,
either peripheral or marrow, may also be success-
ful.

Other Treatment Modalities

A variety of antiinflammatory and sulfhydryl-
scavenging agents (such as promethazine, vitamin
E, heparin, and sodium thiosulfate) have been
suggested as therapeutic drugs. Although animal
studies suggest the value of these agents for pro-
phylactic therapy (or therapy immediately after the
exposure), there are no data to support their use
after the lesions develop.®*

Activated charcoal, administered orally, has been
tried with unknown results®; however, it may pro-
vide some benefit if given immediately after mus-
tard is ingested. Hemodialysis was not only with-
out benefit, it appeared to have deleterious effects.*
This is not surprising because mustard becomes
fixed to tissue within minutes.

Long-Term Effects

Mustard burns may leave areas of hypopig-
mentation or hyperpigmentation, sometimes
with scarring. Individuals who survive an acute,
single mustard exposure with few or no systemic
or infectious complications appear to recover fully.
Previous cardiopulmonary disorders, severe or
inadequately treated bronchitis or pneumonitis,
a prior history of smoking, and advanced age
all appear to contribute to long-term chronic bron-
chitis; there is no definitive way to determine
whether these conditions are the result of aging,
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smoking, or a previous mustard exposure. Casual-
ties with severe airway lesions may later have
postrecovery scarring and stenosis, which predis-
poses the individual to bronchiectasis and recurrent
pneumonia.®®

An important late sequela of mustard inhalation
is a tracheal/bronchial stenosis that necessitates
bronchoscopy and other procedures.” Mustard has
been reported to create a long-term sensitivity to
smoke, dust, and similar airborne particles, prob-
ably as a result of clinically inapparent broncho-
spasm. %888

The relationship between mustard exposure and
subsequent cancer has been the subject of much
study. It seems clear that individuals who were
exposed to mustard daily for long periods (eq,
workers in mustard production plants) have a
slightly higher incidence of cancer of the airways,
primarily the upper airways.®**" According to two
separate reports,®® the association of one or two
exposures on the battlefield with subsequent can-
cer is not clear; in a third report,® the relation be-
tween mustard exposure and subsequent cancer is
equivocal. Interested readers may consult Watson
and associates’ 1989 review® of the mustard expo-
sure—cancer incidence relation.

In 1991, the National Academy of Science ap-
pointed a committee to survey the health effects of
mustard and Lewisite.* Veterans of World War 11,
who, as subjects in test programs, had been exposed
to mustard and Lewisite, were presenting at Veter-
ans Administration hospitals with complaints of ill-
nesses that they believed were associated with these
test programs. The committee was requested to sur-
vey the literature to assess the strength of association
between these chemical agents and the develop-
ment of specific diseases. The committee reported
finding a causal relationship between exposure and
various cancers and chronic diseases of the respi-
ratory system; cancer and certain other problems
of the skin; certain chronic eye conditions; psycho-
logical disorders; and sexual dysfunction. They
found insufficient evidence for a causal relationship
between exposure and gastrointestinal diseases,
hematological diseases, neurological diseases, and
cardiovascular diseases (except those resulting from
infection following exposure). Some of these con-
clusions were not well supported. For example,
there were no cases of skin cancer reported, and the
alleged psychological disorders were from the
trauma of exposure, not from the agent (see Chap-
ter 8, Long-Term Health Effects of Nerve Agents and
Mustard).
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Lewisite (b-chlorovinyldichloroarsine) is an ar-
senical vesicant but of only secondary importance
in the vesicant group of agents. It was synthesized®
in the early 20th century and has seen little or no
battlefield use. Lewisite is similar to mustard in
that it damages the skin, eyes, and airways; how-
ever, it differs from mustard because its clinical
effects appear within seconds of exposure. An
antidote, British anti-Lewisite (BAL), can amelio-
rate the effects of Lewisite if used soon after expo-
sure. Lewisite has some advantages over mustard
but also some disadvantages.

Military Use

A research team headed by U.S. Army Captain
W. L. Lewis is generally credited with the synthe-
sis of Lewisite in 1918,% although German sci-
entists had studied this material earlier.**® Large
gquantities were manufactured by the United States
for use in Europe; however, World War | ended
while the shipment was at sea and the vessel was
sunk. %

There has been no verified use of Lewisite on a
battlefield, although Japan may have used it
against China between 1937 and 1944.% Currently,
this vesicant is probably in the chemical warfare
stockpile of several countries. Lewisite is some-
times mixed with mustard to lower the freezing
point of mustard; Russia has this mixture.*

Properties

Pure Lewisite is an oily, colorless liquid, and im-
pure Lewisite is amber to black. It has a character-
istic odor of geraniums. Lewisite is much more
volatile and persistent in colder climates than mus-
tard. Lewisite remains fluid at lower temperatures,
which makes it perfect for winter dispersal.
Lewisite hydrolyzes rapidly, and, on a humid day,
maintaining a biologically active concentration of
vapor may be difficult.’®

Toxicity
The toxicity of Lewisite vapor is very similar to

that of mustard vapor; the LCtg; (the concentra-
tion = time that is lethal to 50% of the exposed
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population) by inhalation is estimated to be about
1,500 mge=min/m3, and the LCtz, for eye and airway
damage are about 150 and 500 mge=min/m3, respec-
tively. Vesication is caused by 14 ug of liquid, and
the LDg, of liquid on the skin is about 30 mg/kg'®
(or probably higher®). Blister fluid from a Lewisite-
caused blister is nonirritating,* but it does contain
0.8 to 1.3 mg/mL of arsenic.

Biochemical Mechanisms of Injury

Lewisite shares many biochemical mechanisms of
injury with the other arsenical compounds. It inhib-
its many enzymes: in particular, those with thiol
groups, such as pyruvic oxidase, alcohol dehydro-
genase, succinic oxidase, hexokinase, and succinic
dehydrogenase (Figure 7-13). As is true with mustard,
the exact mechanism by which Lewisite damages cells
has not been completely defined. Inactivation of carbo-
hydrate metabolism, primarily because of inhibition
of the pyruvate dehydrogenase complex, is thought
to be a key factor.*®

Clinical Effects

Lewisite damages skin, eyes, and airways by di-
rect contact and has systemic effects after absorp-
tion. Unlike mustard, it does not produce immuno-
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Fig. 7-13. The putative mechanisms by which Lewisite
causes tissue damage. Adapted from US Army Medical
Research Institute of Chemical Defense. A global picture
of battlefield vesicants, I: A comparison of properties and
effects. Med Chem Def. 1992;5(1):6.



suppression. Data on human exposure are few.
Lewisite was applied to human skin in a few stud-
ies®101-103: however, most information on its clini-
cal effects is based on animal studies.

Skin

Lewisite liquid or vapor produces pain or irrita-
tion within seconds to minutes after contact. Pain
caused by a Lewisite lesion is much less severe than
that caused by mustard lesions, and it diminishes
after blisters form.

Erythema is evident within 15 to 30 minutes af-
ter exposure to liquid Lewisite, and blisters start
within several hours; these times are somewhat
longer after vapor exposure. Lewisite is absorbed
by the skin within 3 to 5 minutes (compared with
20-30 min for an equal amount of mustard) and
spreads over a wider area than the same amount of
mustard. The Lewisite blister begins as a small blis-
ter in the center of the erythematous area and ex-
pands to include the entire inflamed area, whereas
vesication from mustard begins as a “string of pearls”
at the periphery of the lesion, small blisters that even-
tually merge.*® Other differences between the lesions
produced by these two chemical agents are

= the inflammatory reaction from Lewisite
generally occurs much faster,

= the lesions from Lewisite heal much faster,

= secondary infection is less common after
Lewisite exposure, and

= subsequent pigmentation is likewise less
common.®®

See Goldman and Dacre'™ for a further review of
Lewisite and its toxicology.

Eyes

A person is less likely to receive severe eye in-
jury from Lewisite vapor than from mustard vapor
because the immediate irritation and pain caused
by Lewisite will produce blepharospasm, effectively
preventing further exposure. A small droplet of
Lewisite (0.001 mL) can cause perforation and loss
of an eye.'®

In tests performed on rabbits,’® Lewisite caused
almost immediate edema of the lids, conjunctiva,
and cornea (which was maximal after the lid edema
had subsided) and early and severe involvement of
the iris and ciliary body, followed by gradual de-
pigmentation and shrinkage of the iris stroma.
Miosis appeared early. In this same study, miosis
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was not noted after mustard exposure. No long-
term effects of Lewisite were noted, such as the
delayed keratitis seen after mustard.

Airways

Lewisite vapor is extremely irritating to the nose
and lower airways, causing individuals exposed to
it to seek immediate protection, thus limiting fur-
ther exposure. The airway lesion of Lewisite is very
similar to the lesion caused by mustard exposure
except that the Lewisite vapor is extremely irritat-
ing to the mucous membranes. In large amounts,
Lewisite causes pulmonary edema.

After exposure to Lewisite, dogs exhibited mas-
sive nasal secretions, lacrimation, retching, vomit-
ing, and labored respiration. These symptoms wors-
ened until death finally occurred. On autopsy, the
lungs were edematous, and a pseudomembrane of-
ten extended from the nostrils to the bronchi. Tra-
cheal and bronchial mucosa was destroyed and the
submucosa was congested and edematous. Bron-
chopneumonia was commonly mixed with edema.®

Other Effects

“Lewisite shock” is seen after exposure to large
amounts of Lewisite. This condition is the result of
protein and plasma leakage from the capillaries and
subsequent hemoconcentration and hypotension.

A small amount of Lewisite on the skin will cause
local edema because of the effects of this agent on
local capillaries. With a large amount of Lewisite,
the pulmonary capillaries are also affected (because
they are more sensitive to Lewisite than other cap-
illaries or because absorbed Lewisite reaches the
lungs before it reaches the systemic circulation);
there is edema at the site of exposure and pulmo-
nary edema. With even larger amounts of Lewisite,
all capillaries are affected, and proteins and plasma
leak from the circulation into the periphery. Even
after small amounts of Lewisite, the fluid loss can
be sufficient to cause diminution of renal function
and hypotension.*®

Arsines are known to cause hemolytic anemia,
but there is little mention of this in reports on
Lewisite exposure. A “true or hemolytic anemia”
was noted with Lewisite shock.'®

Diagnosis
Lewisite exposure can be distinguished from

mustard exposure by the history of pain on contact
with the agent. Phosgene oxime also causes pain
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on contact, but phosgene oxime does not produce a
liquid-filled blister. If a single individual has an
isolated blister, other plant or animal causes of vesi-
cation should be sought.

Laboratory Tests

There is no specific laboratory test for Lewisite.
Urinary arsenic excretion might be helpful in iden-
tifying possible exposure to Lewisite, however.

Patient Management

Medical personnel should follow the same prin-
ciples for managing Lewisite skin, eye, and airway
lesions that they follow for managing mustard
lesions. A specific antidote, BAL (dimercaprol),
will prevent or greatly decrease the severity of
skin and eye lesions if applied topically within
minutes after the exposure and decontamin-
ation (however, preparations of BAL for use in
the eyes and on the skin are no longer available).
Given intramuscularly, BAL will reduce the sever-
ity of systemic effects. BAL binds to the arsenic of

Lewisite more strongly than do tissue enzymes,
thereby displacing Lewisite from the cellular recep-
tor sites, %1%

BAL reduced the mortality in dogs when it was
given within 100 minutes after they had inhaled a
lethal amount of Lewisite.’® Burns of the eyes from
Lewisite can be prevented if BAL is applied within
2 to 5 minutes of exposure®®; when it was applied
within an hour after exposure, BAL prevented vesi-
cation in humans.'” BAL has some unpleasant side
effects, including hypertension and tachycardia; the
user should read the package insert.

Long-Term Effects

There are no data on human exposure from which
to predict the long-term effects from Lewisite. There
is no substantial evidence to suggest that Lewisite
is carcinogenic, teratogenic, or mutagenic.'® The
committee appointed by the National Academy of
Science reported® a causal relationship between
Lewisite exposure and chronic respiratory diseases,
and also that acute, severe injuries to the eye from
Lewisite will persist.

PHOSGENE OXIME

Cl

C=N—OH

CX

Phosgene oxime (CX) is not a true vesicant
because it does not produce vesicles. Instead,
phosgene oxime is an urticant or nettle agent:
it causes erythema, wheals, and urticaria. Its le-
sions have been compared with those caused by
nettle stings. Because it causes extensive tissue dam-
age, phosgene oxime has been called a corrosive
agent. Phosgene oxime is not known to have been
used on a battlefield, and there is very little infor-
mation regarding its effects on humans. This com-
pound must be distinguished from phosgene (CG),
which exerts its effects on the alveolar—capillary
membrane.

Military Use

German scientists first synthesized phosgene
oxime in 1929, and Russia as well as Germany had
developed it before World War Il. Both countries
may have had weapons that contained this agent.*®
The United States also had studied phosgene oxime
before World War Il but rejected it as a possible chemi-
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cal agent because of its biological effects—or lack
thereof—and its instability.'® The apparent lack of
biological effects was later found to be due to the low
concentrations (1%-2%) used in the pre-World War
Il studies. Later studies indicated that concentra-
tions below 8% cause no or inconsistent effects,0
Phosgene oxime is of military interest because

= it penetrates garments and rubber much
more quickly than do other chemical agents,
and

= it produces a rapid onset of severe and pro-
longed effects.

When mixed with another chemical agent (eg, VX),
the rapid skin damage caused by phosgene oxime
will render the skin more susceptible to the second
agent. Also, if an unmasked soldier were exposed
to phosgene oxime before donning his mask, the
pain caused by phosgene oxime will prompt him
to unmask again.

Properties

Pure phosgene oxime (dichloroformoxime) is a
colorless, crystalline solid; the munitions grade



compound is a yellowish-brown liquid. Its melting
point is 35°C to 40°C (95°F-104°F). The solid material
will produce enough vapor to cause symptoms.*®

Biochemical Mechanisms of Injury

Phosgene oxime is the least well studied of the
chemical agents discussed in this volume, and its
mechanism of action is unknown. It might produce
biological damage because of the necrotizing effects
of the chlorine, because of the direct effect of the
oxime, or because of the carbonyl group (Figure 7-
14). The skin lesions, in particular, are similar to
those caused by a strong acid. This agent seems to
cause its greatest systemic effects in the first capil-
lary bed it encounters. For example, cutaneous ap-
plication or intravenous injection of phosgene
oxime causes pulmonary edema, while injection
into the portal vein produces hepatic necrosis but
not pulmonary edema.*

Clinical Effects
Phosgene oxime affects the skin, the eyes, and
the lungs. The effects are almost instantaneous, and

it causes more severe tissue damage than other vesi-
cants. A characteristic of phosgene oxime is the
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Fig. 7-14. The putative mechanisms by which phosgene
oxime causes tissue damage. Adapted from US Army
Medical Research Institute of Chemical Defense. A glo-
bal picture of battlefield vesicants, I: A comparison of
properties and effects. Med Chem Def. 1992;5(1):6.
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immediate pain or irritation it produces on the skin,
in the eyes, and in the airways. No other chemical
agent produces such an immediately painful onset
that is followed by rapid tissue necrosis.

Skin

Pain occurs immediately on contact with the lig-
uid or solid form of this agent. Approximately 5 to
20 seconds after solutions containing 8% to 70%
phosgene oxime were applied, pain and blanching
occurred at the application site. Following the ini-
tial exposure, the site became grayish with a border
of erythema. Within 5 to 30 minutes after the expo-
sure, edema formed around the edges of the tissue;
the tissue later became necrotic. During the next 30
minutes, a wheal formed but disappeared over-
ni