FM 8-285

NAVMED P-5041

AFJMAN 44-149

MCRP 4-11.1A (formerly FMFM 11-11)

Treatment of Chemical Agent
Casualties and Conventional
Military Chemical Injuries

U.S. Marine Corps

PCN 144 000129 00



MCCDC (C 42)
8 Oct 2004
ERRATUM
to
MCRP 4-11.1A

TREATMENT OF CHEMICAL AGENT CASUALTIES AND
CONVENTIONAL MILITARY CHEMICAL INJURIES

1. For administrative purposes, the publication short title has been reidentified. Change FMFM

11-11 to read MCRP 4-11.1A wherever it appearsin the Manual. Also change the Publication
Control Number (PCN) from 13900119700 to 14400012900.

144 000129 80



ACKNOWLEDGEMENTS

1. Iranian-News Agency: As published in the April 1986 edition of
Nuclear Biological and Chemical Defense and Technology.

2. Imperial War Museum, Lambeth Road, London SE16HZ.



FM 8-285/NAVMED P-5041/AFJMAN 44-149/FMFM 11-11

By Order of the Secretary of the Army:

DENNIS J. REIMER
General, United States Army
Official: Chief of Staff

T, Samires

'YVONNE M. HARRISON
dministrative Assistant to the
Secretary of the Army

By Order of the Secretary of the Navy:

O 7 b
DONALD F. HAGEN
Vice Admiral, Medical Corps
United States Navy
Official: Surgeon General of the Navy

By Order of the Secretary of the Air Force:

RONALD J. FOGLEMAN, General, USAF
Official: Chief of Staff

EDGAR R. ANDERSON, Lieutenant General, USAF, MC
Surgeon General

By Direction of the Commandant of the Marine Corps:

PE M wetitrr

C.E. WILHELM
Lieutenant General, U.S. Marine Corps
Commanding General
Marine Corps Combat Development Command
Official: Quantico, Virginia

DISTRIBUTION:

U.S. Army: Active Army, USAR, and ARNG: To be distributed in accordance with DA Form 12-11E,
reqpirements for FM 8-285, Treatment of Chemical Agent Casualties and Conventional
Military Chemical Injuries (Qty rgr block no. 4533).
U.S. Navy: All Ships and Stations having Medical Department personnel.
U.S. Air Force: F
U.S. Marine Corps: PCN: 139 001197 00



FM 8-285/NAVMED P-5041/AFJIMAN 44-149/FMFM 11-11

PREFACE

Purpose

This manual serves as a guide and a reference for trained members of the Armed Forces Medical Services and
other medically qualified personnel on the recognition and treatment of chemical agent casualties and conventional
military chemical injuries. Additionally, this manual provides information on first aid (self-aid, buddy aid, and
combat lifesaver (CLS) aid) for these casualties.

Scope
a. This manual—

(1) Classifies and describes chemical agents and other hazardous chemicals associated with military
operations.

(2) Describes how to diagnose and treat conventional military chemical injuries (that is, riot control
agents, smokes, incendiary agents, and other inhaled noxious industrial-type chemicals).

3) Describes procedures for recognizing chemical casualties (app A).

4) Describes procedures for first aid, medical treatment, and medical management of chemical casualties.

5) Describes measures for handling contaminated clothing and equipment (app B).

6) Describes medical management and treatment in chemical operations (app C).

7) Describes procedures for decontamination of the eyes and skin (app D).

8) Describes procedures for administering the Nerve Agent Antidotes, MARK | (NAAK) and convulsant
antidote for nerve agent (CANA) (app E).

b. The manual is divided into two parts:

(1) Part One, Chemical Agent Casualties, covers the recognition and treatment of nerve agents,
incapacitating agents, blister agents (vesicants), lung-damaging agents (choking agents), and blood agents
(cyanogens) casualties.

?2) Part Two, Conventional Military Chemical Injuries, covers the recoc?nition and treatment of injuries
caused by riot control agents, smokes, incendiarﬁ a%ents, and other noxious industrial-type chemicals.

¢. The material in this manual is apPIicabIe to both the conventional battlefield and the integrated environment
of the battlefield. (For the purpose ot this manual, the “integrated environment” is intended to mean warfare
and/or contingency operations where nuclear, biological, and chemical (NBC) weapons/agents are being employed
or have a high probability of being employed in addition to conventional weapons.)

Definitions

a. Chemical Agent. This is a chemical substance which, because of its physiological, psychological, or
pharmacological effects, is intended for use in military operations to kill, seriously Injure, or incapacitate humans
(or animals) through its toxicological effects. Excluded are riot control agents, chemical herbicides, and smoke
and flame materials. Chemical agents may be nerve agents, incapacitating agents, blister agents (vesicants),
lung-damaging agents, blood agents, and vomiting agents.

h. Chemical Contamination. This is the deposition of chemical agents on personnel, clothing, equipment,
structures, or areas. Chemical contamination mainly consists of liquid, solid particles, and vapor hazards.
(Vapor hazards are probably the most prevalent means of contaminating the environment.)

¢. Chemical Decontamination. This 1s the process of sufficiently reducing the hazard caused by chemical
agents in order to allow the mission to be continued. Decontamination can be done b% individual service
members, unit decontamination teams, or chemical units. Generally used methods for skin decontamination
include removal and/or chemical neutralization of agent(s) and clothing removal for medical examination; for
equipment, the methods used are removal, destruction, covering, weathering, and chemical neutralization.

d. Persistence. Chemical agents maybe divided into two main categories: persistent and nonlpersistent.

(1) Persistent agents, in a solid or liquid state, continue to present a hazard for considerable periods after
delivery. They remain as a contact hazard and/or an inhalation hazard by very slowly vaporizing.

2) Nonpersistent agents dissipate or vaporize rapidly after release and present an immediate short
duration hazard. These agents are released as aerosols, gases, vapors, liquids, or solids.

e. Physical Characteristics. Chemical agents cover the whole spectrum of physical properties. Their
physical state may be aerosol, gaseous, liquid, or solid under normal conditions. Their vapor pressure (the force

vi
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exerted by the vapor when in equilibrium with the liquid or solid at a given temperature) may be high or
negligible. Their vapor density varies from slightly lighter than air to considerably heavier than air. Their range
of odors varies from none to highly pungent. They may be soluble or insoluble in water, fats, or organic
solvents. The physical characteristics may give an indication of the field behavior of the agents with regard to
vapor hazard, persistency, decontamination methods required, and personal and subsistence protection required.

. Conventional Military Chemicals. These are chemical substances used within the military for day-to-day
operations as well as in combat. Included in this group are chemical herbicides, insecticides, and smoke and
incendiary materials.

g. Riot Control Agent. This is a chemical which produces transient effects that disappear within minutes of
removal from exposure and very rarely require medical treatment. Riot control a(};ents are effective in quelling
civil disturbances and, in some military operations, to preclude unnecessary loss of life.

h. Noxious Chemicals. Included in this category are gases such as carbon monoxide (CO), oxides of
nitrogen, chlorine vapor, hydrogen sulfide, and ammonia.

For a more comprehensive list of definitions, see Glossary, Section Il, located in the back of this manual.

Use of Trade Names/Trademarks and Metric Measurements

a. Use of trade names or trademarks in this publication is for illustrative purposes only. Their use does not
constitute endorsement by the Department of Defense.

b. Metric measurements used throughout this publication are approximate equivalents of the customary units
of measure. They are provided for the convenience of the users of the manual.

User Comments

Users of this manual are encouraged to submit recommendations to improve the publication. Comments should
be keyed to the page, paragraph, and line(s) of the text where the change is recommended. Reasons should be
given for each comment to ensure understanding and complete evaluation. The proponent for this publication is
the U.S. Army Medical Department Center and School (AMEDDC&S). Comments should be submitted on DA
Form 2028 (Recommended Changes to Publications and Blank Forms) and forwarded to: Commander,
AMEDDCA&S, ATTN: MCCS-FCD, Fort Sam Houston, Texas 78234-6175.

References _ ,
References listed should be consulted for details beyond the scope of this manual.
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PART ONE
CHEMICAL AGENT CASUALTIES

CHAPTER 1
INTRODUCTION

1-1. The Threat of Chemical Warfare
Agents to U.S. Forces

a. Chemical warfare (CW) agents (also referred
to as chemical agents) remain a continuing threat to
U.S. forces through the 1990s. Delivery may be
accomplished by multiple means, causing extensive
injury and contamination.  Traditionally, threat
commanders have regarded chemical weapons as a
part of their conventional arsenal. The Chemical
Weapons Convention (CWC), signed by 130 countries
in January 1993, will take many years to fully
implement and to verify the destruction of known
chemical weapons stockpiles. Some countries with
offensive chemical warfare programs, like North
Korea and Irag, have not signed the CWC. In spite of
the CWC and other diplomatic efforts, chemical
weapons will be available to threat forces in regions
where U.S. forces may be deployed.

h. In addition to established threat areas, many
countries have shown that chemical weapons are
readily obtainable. The ease of obtaining these
weapons greatly increases the complexity and extent
of the total threat. For example, nonmilitary organo-
phosphate insecticide factories may also be used to
produce nerve agents.

¢. Some threat forces are well prepared to conduct
military operations in a chemically contaminated
environment. Many threat combat vehicles (including
tanks, reconnaissance vehicles, and aircraft) have
organic NBC protective systems.  These systems
provide personnel protection from the effects of NBC
contamination on the battlefield.

d. Chemical weapons are most effectively
employed against untrained or unprotected targets.
Civilian fixed sites (airfields, depots, cities, and ports)
are especially vulnerable. These sites may be targeted
as part of the plan to defeat U.S. force projection.

1-2. Military Employment of Chemical
Warfare Agents
a. Chemical agents dispersed by modern weapons
can be tactically used anywhere within the range of
current delivery systems.
b. Chemical agents can be used in conjunction
with other weapons systems or by themselves.

Chemical agents may produce temporary
incapacitating effects, serious injury, or death.
Chemical agents also have the potential for use by
saboteurs and terrorists in rear areas against key
targets and civilian populations. The scope of CW Is
broad since it aims at groups rather than individuals
and could be directed against civilian populations.
Vapors of chemical agents may penetrate vehicles,
ships, aircraft, fortifications, and buildings. Special
design of such equipment and/or structures can prevent
chemical agent penetration.

¢. The presence or threat of CW operations can
create psychological or physiological problems,
adversely affect morale, and reduce military or civilian
efficiency.

d. Chemical fires may be employed with smoke.
Therefore, friendly forces must be prepared for
chemical attacks when the enemy is employing smoke
munitions or production equipment.

e. All service members must take every precaution
against becoming chemical casualties. Each service
member must apply the principles of first aid and
decontamination contained in this manual to increase
their chances for survival and recovery. Medical
personnel must apply the principles of first aid,
treatment, and decontamination contained in this
man_ualI to increase their and their patients’ chances of
survival.

1-3. Routes of Entry

Chemical agents may enter the body by several routes.
When inhaled, gases, vapors, and aerosols may be
absorbed by any part of the respiratory tract.
Absorption may occur throucI;h the mucosa of the nose
and the mouth and/or the alveoli of the lungs. Liquid
droplets and solid particles can be absorbed by the
surface of the skin, eyes, and mucous membranes.
Chemical agents that contaminate food and drink can
be absorbed through the gastrointestinal tract. Finally,
wounds or abrasions are presumed to be more
susceptible to absorption than the intact skin.

1-4. Classification of Chemical Agents
Chemical agents are classified by either their
physiological action or their military use.

11
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a. Physiological Action.

(1) Nerve agents (anticholinesterase) (such as
Tabun (GA), Sarin (GB), Soman (GD), GF, and V-
agent (VX)) inhibit the cholinesterase enzymes. The
cholinesterase enzymes are responsible for the
hydrolysis of acetylcholine, a chemical neuro-
transmitter. This inhibition creates an accumulation
of acetKIchoIine at a cholinergic synapse that dis-
rupts the normal transmission of nerve impulses.
Cholinergic synapses are located-

e In the central nervous system (CNS).

e In the neuromuscular endplates of the
peripheral voluntary nervous system.

e At the parasympathetic endings and
sympathetic presynaptic ganglia of the autonomic
nervous system.

(2) Blister agents (vesicants) include sulfur
mustard (H/HD) and nitrogen mustard (HN),
arsenical (lewisite (L)), and phosgene oxime (CX).
Blister agents E[))roduce pain and injury to the eyes,
reddening and blistering of the skin, and when inhaled,
damage to the mucous membranes and respiratory
tract. Mustard may produce major destruction of the
epidermal layer of the skin.

(3) Lung-dama inég agents (choking agents)
include phosgene (CG%, Iphosgene (DP), chlorine,
and chloropicrin (PS). These agents produce injury
to the lungs and irritation of the eyes and the
respiratory tract. They may also cause intractable
pulmonary edema and predispose to secondary
pneumonia.

(4) Blood agents (cyanogens) include
hydrogen cyanide (AC) and cyanogen chloride (CK).
These agents are transported by the blood to all body
tissues where the agent blocks the oxidative processes,
preventing tissue cells from utilizing oxygen. The
CNS is especially affected and leads to cessation of
respiration followed by cardiovascular collapse.

b. Military Use. _

(1) Toxic chemical agents produce serious
injury or death. They include nerve agents, blister
a?ents, lung-damaging agents (choking agents), and
blood agents.

(2) Incapacitating agents ﬁroduce temporary
physical or mental effects, or both.

1-5. Means of Delivery of Chemical
Agents
Chemical agents can be dispersed by explosive shells,
rockets, missiles, aircraft bombs, mines, and spray
devices. Also, water supplies have the potential for
contamination by either water-soluble or miscible
liquids or solids. The means of delivery does not in
itself help in identifying chemical agents. A spray or
cloud delivered from an aircraft or by shells and
bombs indicates a chemical attack maybe taking place.
It must be remembered that vapors delivered from

1-2

aircraft may not be visible; also, vapors and sprays
may be hidden by atmospheric conditions.

1-6. Diagnosis of Injury from Chemical

Agents

a. Odor. Some agents have odors which may aid
in their detection and identification (table 1-1), but
many are essentially odorless. (Table 1-1 is located
in the back of this manual. ) The odor of a chemical
agent delivered by an explosive shell may be concealed
by the odor of the burning exPIOSive. Vomiting agents
may be mixed with more lethal agents to induce
vomiting and irritation of the respiratory tract. This
mixture forces the affected individuals to break the
seal of their masks in order to vomit, exposing them
to the more toxic agents in the environment. Detection
of a chemical agent odor is one indication for im-
mediately putting on the mask and wearing it until the
“all clear” signal is given. However, odor alone must
not be relied on for detection or identification of a
chemical agent. Some chemical agents are not percep-
tible by smell even on initial exposure. Continued
exposure dulls the sense of smell.  Even harmful
concentrations of an odor-producing chemical agent
may become imperceptible.  Standard detection
devices are the most reliable means of identifying a
chemical agent, but users should remember that detec-
tion devices indicate concentrations in their immediate
area only. They may not cover large areas and should
not be the sole means on which to base conclusions on
the presence or absence of chemical agents.

b. Signs and Symptoms. A chemical agent that
has produced signs and symptoms in exposed
Personnel can usually be identified from all of the
ollowing.

(1% A brief history bringing out the symptoms
that have occurred and their progression. _

(2) Physical examination of the eyes (pupils,
conjunctival, lids) and skin.

(3) Observation of respiration, color of
mucous membranes, and general behavior. However,
If a mixture of agents has been used, identification of
the agents may not be possible. Signs and symptoms
are summarized in table 1-1. Full descriptions of the
signs and symptoms produced by specific chemical
agents are given in the chapters that follow.

1-7. Protective Measures and Handling
of Casualties
a. Depending on the theater of operations,
guidance issued may dictate the assumption of a
minimum mission-oriented protective posture (MOPP)
level. However, MOPP 4 (consisting of wearing the
protective overgarment, mask with hood, gloves, and
overboots) will be assumed immediately—
~ e When the local alarm or command is
given.
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e  When entering an area known to be or
suspected of being contaminated with an NBC agent.

e  During any motor march, once CW has
been initiated.

e  When casualties are being received from

an area where chemical agents have reportedly been
used. Appendix A provides additional information on
recognizing chemical agent casualties.
If individuals find themselves alone without
adequate guidance, they must mask IMMEDIATELY
and assume MOPP 4 under any of the following
conditions:

(1) Their position is hit by artillery, mortar
fire, rocket fire, or by aircraft bombs, and chemical
agents have been used or the threat of their use is
significant.

(2) Their position is under attack by aircraft
spray.

(3) Smoke or mist of an unknown source is
present or approaching.

(4) A suspicious odor, liquid, or solid is
present.

(5) A chemical or biological attack is
suspected.

(6) They have one or more of the following
signs/symptoms:

a) An unexplained sudden runny nose.

h) A feeling of choking or tightness in
the chest or throat.

(c) Blurring of vision and difficulty in
focusing the eyes on close objects.

(d) Irritation of the eyes (could be
caused by the presence of several chemical agents).

(e) Unexplained difficulty in breathing
or increased rate of breathing.

(f) Sudden feeling of depression.

ﬁ Anxiety or restlessness.

Dizzinéss or Ilﬂht-headedness.

1) Slurred speech.

(7) Unexplained laughter or unusual behavior
noted in others.

(8) Buddies suddenly collapsing without
evident cause.

(9) Animals or birds exhibiting unusual
behavior and/or sudden unexplained death.

b. The mask should be worn until unmasking
procedures indicate the air is free of chemical agent
and the “all clear” signal is given (see FM 3-4 for
unmasking procedures). If vomiting occurs, lift the
mask momentarily and drain it (keep your eyes closed
and hold your breath), then replace, clear, and seal
the mask.

¢. Chemically contaminated casualties present
a hazard to unprotected personnel. Handlers must
wear their individual protective equipment (IPE)
while decontaminating these casualties. ~ Casualty
decontamination is conducted in an area equipped for

casualty decontamination purposes ésee para 1-11).
The decontamination. area is located downwind (pre-
vailing winds) of the medical treatment facility (MTF).
Contaminated clothing and equipment are placed in
plastic bags and removed to a designated dump site
downwind from the MTF (see apps B and C).

d. When an MTF is expected to operate in a
contaminated area, collective protective shelters (CPS)
must be used (see apF C).

e. Most chemical agents can poison food and
water. Chemical contamination will make supplies
and equipment dangerous to handle without protective
equipment.  Food and water packaged in sealed,
airtight cans, bottles, or other impermeable containers
can be decontaminated as described in FM 3-5 and
FM 8-10-7. (Some plastics are permeable to chemical
agents.) Exposed foods that are known to be
contaminated or suspected of being contaminated
should NOT be consumed unless approved by
veterinary personnel.  In the U.S. Army water
purification is performed by quartermaster water
purification units. Certification of water potability is
the responsibility of medical personnel (preventive
medicine personnel in the U.S. Army).

f. Military commanders, leaders, and medical
personnel should be on the alert for the possibility of
anxiety reactions (combat stress reactions (CSR))
among personnel during chemical agent attacks. All
possible steps must be taken to prevent or control
anxiety situations. Personnel in protective clothing
are particularly susceptible to heat injury. Ambient
temperature is considered when determining the
degree of physical activity feasible in protective
clothing. Wet bulb globe temperature (WBGT) index
determinations (which indicate heat stress conditions
in the environment) should be used with caution since
the humidity within the protective ensemble will
generally be higher than ambient humidity. At
MOPP 4 add 10°F to the WBGT index. (See FM 3-4
for additional guidance on the degradation effects of
the protective clothing.)

1-8. Chemical Agent Contamination De-
tection and Identification

Identification of chemical agents will greatly assist in
the diagnosis and treatment of chemical injuries. The
following are means of detecting and identifying
chemical agent contamination:

a. Chemical agent detector paper or tape can be
used to detect/identify liquid chemical agents.

(1) The VGH ABC-M8 Chemical Agent
Detector Paper can be used to detect and identify
liquid V- and G-type nerve agents and H-type blister
agents. It does not detect chemical agent vapors.
Some solvents and standard decontaminating
(including the M258A1 kit) solutions cause false-
positive reactions by the M8 paper.

1-3
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2) The M9E1 Chemical Agent Detector
Paper (tape) (which can be worn on the uniform)
detects the presence of liquid nerve agents (V and G)
and blister agents (H/HD, HN, and L). The M9
paper does not distinguish between the types of agent
Involved—only that an agent or agents maybe present.
Neither will it detect chemical agent vapors.
Extremely high temperatures, scuffs, or certain types
of organic liquids and decontaminating solution
number 2 (DS2) cause false-positive reactions by the
M9 paper.

h. Automatic chemical agent alarm systems and
the chemical agent monitor (CAM) detect agent
aerosol and vapor contamination consistent with their
designed specifications and operational limitations.

¢. Detector kits (such as the M256 Chemical
Agent Detector Kit) detect and identify vapor
concentrations of nerve, blister, and blood agents.

1-9. Medical Management

Medical management consists of those procedures for
optimizing medical care to ensure the maximum return
to duty (RTD) on the battlefield. This includes triage,
basic survival treatment, decontamination, emergency
forward treatment, evacuation, and continuinﬂ
protection of chemical agent casualties. Althoug
casualtﬁ decontamination 1s part of medical manage-
ment, the physical decontamination of these personnel
Is the responsibility of the supported unit (app C).

1-10. Personal Decontamination

a. Eyes and Skin. Following contamination of
the eyes or skin with vesicants or nerve agents,
personal decontamination must be carried out
IMMEDIATELY. These chemical agents are effective
at very small concentrations. Within a very few
minutes after exposure, decontamination is marginally
effective for vesicants or nerve agents. Decon-
tamination consists of either agent removal and/or
neutralization. Decontamination after agent absorption
occurs may serve little or no purpose.  Service
members will decontaminate themselves unless they
are incapacitated. For those individuals who cannot
decontaminate themselves, the nearest able person
should assist them as the situation permits. Refer to
appendix D for eye and skin decontamination
procedures.

_ NOTE _
In a cyanide or phosgene only environment,
decontamination is not required.

(1) Decontaminate the eyes with copious
amounts of water (see app D).

(2) Decontaminate the skin with the M291 or
M258A 1 Skin Decontaminating Kit (see app C and

1-4

app D (figs D-1 and D-2)).

(a) The M291 kit measures 4.4 by 9.3
by 0.7 inches and weighs 1.6 ounces. The kit can be
folded to a measurement of 4.4 by 4.7 by 1.4 inches.
Each kit contains six packets; enough to do three
complete skin decontamination. Each packet contains
an applicator bag filled with decontamination gowder.
The decontamination powder consists of 2.3 grams
(gm) Ambergard™ XE-555 decontaminant resin. The
[la_ouch_ is discarded when all packets have been used.

he kit will fit into the pocket on the outside rear of
the M17 or M40 protective mask carrier or in the
inside pocket of the carrier for the M24 and M25
series protective mask. The pouch can also be carried
in a pocket of the battle dress uniform (BDU) or
chemical protective overgarment.

WARNING

The M291 is for external use only. It
may be irritating to the eyes. Keep the
decontaminating powder out of the eyes.
Use water to wash toxic agent out of eyes.
You may also use a 0.5 percent chlorine
solution to wash toxic agent out of cuts
or wounds.

(b) The M258AL1 kit measures 1% by
2% by 4 inches and weighs 3.2 ounces. Each kit
contains six packets: three DECON-1 packets and
three DECON-2 packets. The DECON-1 packet
contains a wipe pre-wetted with hydroxyethane
72 percent, phenol 10 percent, sodium hydroxide
5 percent, and ammonia 0.2 percent, and the
remainder water. The DECON-2 packet contains a
wipe impre(];nated with chloramine B and sealed glass
ampules filled with hydroxyethane 45 percent, zinc
chloride 5 percent, and the remainder water. The
case fits into the pocket on the outside rear of the
M17 or M40 protective mask carrier or in an inside
pocket of the carrier for the M24 and M25 series
protective mask. The case can also be attached to the
web belt or on the D-ring of the protective mask
carrier.

WARNING
The ingredients of the DECON-1 and
DECON-2 packets of the M258A1 kit are
poisonous and caustic and can perma-
nently damage the eyes. The wipes must
be kept out of the eyes, mouth, and open
wounds.

b. Clothing and Equipment. When the M258A1
kit has been replaced with the M291 kit, the M258A1
will be used for decontamination of selected items of
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individual clothing and equipment (there is insufficient
capability to do more than emergency spot decon-
tamination). The M258AL1 kit is not used to
decontaminate the protective overgarment. The
protective overgarment does not require immediate
decontamination since the charcoal layer is a chemical
agent barrier; however, to enhance its protective
capability, gross contamination should be removed.
Exchange the protective overgarment as soon as
the mission permits, using the procedures outlined
in FM 3-5. The Decontamination Packet, Individual
Equipment (DPIE), M295, is used to decontaminate
individual equipment such as the weapon, helmet,
and other individual gear. The M295 contains the
same in%redients as the M291, except that the pads
are much larger. However, the M295 is not Food
arr]1d [k)_rug Administration (FDA) approved for use on
the sKin.

1-11. Casualty Decontamination

Contaminated casualties entering the medical treatment
system are decontaminated through a decentralized
process. This is initially started through self-aid and
buddy aid procedures. Later, units should further
decontaminate the casualty before evacuation. Patient
decontamination stations are established at the field
MTF to decontaminate individuals as required
(clothing removal and spot skin decontamination) prior
to treatment and further evacuation. These stations
are manned by nonmedical members of the supported
units under medical supervision. Medical supervision
is required to prevent further injury to the patient and
to provide emergency medical treatment (EMT) during
the decontamination process. There are insufficient
medical personnel to both decontaminate and treat
patients. Medical personnel will be fully employed
providing treatment for the patients during and
after decontamination by nonmedical personnel.
Decontamination is accomplished as quickly as
possible to facilitate medical treatment, prevent the
patient from absorbinP additional agent, and reduce
the spread of chemical contamination. (For details on

patient decontamination, see app C of FM 8-10-7
and chap 9 of FM 3-5.)

1-12. First Aid
First aid comprises either self-aid, buddy aid, or CLS.

a. Self-Aid. Self-aid consists of first-aid measures
that service members can apFIy in helping themselves.
These include individual decontamination and
administration of chemical agent antidotes.

h. Buddy Aid. Buddy aid consists of emergency
actions undertaken by individuals to restore or main-
tain vital body functions in a casualty. Exposure to
chemical agents may produce effects which require
immediate self-aid. However, mental confusion, mus-
cular incoordination, %hysical collapse, unconscious-
ness, and cessation of breathing may occur so raPidQ/
that the individual is incapable of providing self-aid.
Therefore, the nearest individual may need to—

1) Mask the casualty.

2) Administer antidotes.

3) Administer assisted ventilation, if required
and if equipment is available.

(4) Decontaminate the casualty.

(5) Put selected items of protective clothing
on the casualt%/ to preclude further absorption of
contamination through any exposed skin.

(6) Evacuate the casualty as soon as possible.

c. Combat Lifesaver. In addition to those actions
taken as buddy aid, CLS aid also includes—

1) Administering additional atropine.

2) Administering additional CANA.

3) Establishing an oropharyngeal airway.

4) Starting intravenous infusions.

1-13. Medical Treatment

Medical treatment consists of those procedures
undertaken to return soldiers to duty, to save life and
limb, and to stabilize the patient for evacuation to the
next level of medical care. Table 1-1 summarizes the
treatment of chemical agent casualties. Specific
chemical agent treatment procedures are described in
the succeeding chapters.
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Table 1-1. Summary of the Effects of Chemical Agents

Agent Symbol Odor Mechanism of Action Nose and Throat Respiratory Tract Skin Gl Tract Cardiovascular Genitourinary Central Nervous System Other Decontamination Treatment Aaent
Rest of Eye System System ngem
‘T:i;‘:,u_‘n Eé E'c?é, or fafnf ﬁ\_lveeilshness, Anticholinesterase agents Miosis Redness Pain (especially ¢n Increased salivation, rhinorrhea Tightness in chest, Sweating, pallor, then cyanosis Salivation, anorexia, Occasional early Frequent micturition, Apprehension, giddiness, insomnia, Fasciculations, Remove cortaminated clothing. Pretreatment with pyridostigmine GA
sann LB Truity or paint-like focusing), dimness of bronchoconstriction, nausea, vomiting, transient tachycardia urinary incontinence headache, drowsiness, difficulty easy fatigue, For skin use M291 Kit. For GB
Loman LU vision, headache, occasional wheezing, abdominal cramps and/or hypertension, concentrating, poor memory, cramps, weakness individual eyuipment use M295 Post-exposure therapy: GD
GF GF lacrimation increased bronchial epigastric tightness, followed by confusion, slurred speech, ataxia, {including Packet IAW »stablished procedures | 1) Cholinergic bl d GE
secretion, cough, dyspnea heartburn, eructation, bradycardia, weakness, coma with arefiexia, respiratory i
substernal tightness diarrhea, tenesmus, hypotension, and Cheyne-Stokes respiration, muscles),
e . involuntary defecation cardia arrhythmias convulsions
VX vX None VX
Mustard H Garlic or horseradish, Vesicants. Bone marrow Redness, edema, lopir Shock after severe Anxiety, depression Late depression H
HD irritating depressant. Alkylating irritation, gritty aph u exposure of bone marrow. HD
agent, damages DNA pain yspn urrounded by r Malaise and
ir , fever, p later necrosis, g prostration
nitrogen HN None or fishy, irritating ulceration, and edema in severe cases Delayed hyper-
mustard i areas affected m HN
Lewisiteand | L Fruity to geranium-like, very sican Prompt redness, Prompt irritation Rapid irritation, hoarseness, Prompt burning. Redness within 30 minutes. Diarrhea, nausea, Shock after severe Renai faiiure Anxiety, depression Systemic arsenic Like HD and N Like sulfur and nitrogen mustards. BAL in oil IM for L
other. irritating poisons edema, irritation aphonia, cough. Pneumonia, Blisters on 1st or 2nd day. Pain worse and vomiting, hepatic exposure. Hemolytic poisoning systemic chelation, BAL ointment for eyes and skin
| corneal injury fever, puimonary edema in necrosis deeper than H faiiure anemia.
severe cases, pieurai effusion Hemoconcentration
HL Garlic-like Like lewisite and mustard
Like HD, HN, and L Like sulfur mustard, nitrogen mustard and lewisite HL
Ph_csgene CX Unpleasant and irritating Powerful vesicant Violently irritating, | Lacrimation, corneal | Very irritating to mucous Rapid irritation, coughing. Immediate severe irritation and intense pain. Anxiety, depression Wash with copious amounts of Apply dressings of sodium bicarbonate. Systemic CcX
oxime redness, edema injury with blindness | membranes Later, pulmonary edema Within 1 minute the affected area turns white water or iso:onic sodium analgesics. Treat as any other necrotic skin lesion
surrounded by erythema. Swollen within 1 hour, bicarbonate
blisters after 24 hours, necrosis of skin. Long '
recovery (1 to 3 months)
Phosgene CG Green corn, grass, or Lung-damaging agent Irritation Irritation C Possible cyanosis following pulmonary edema Nausea, occagional Shock after severe Anxiety, depression Corticosteroids iV and by inhalation promptly may be CcG
new-mown hay ti vomiting {after exposure, hypertension lifesaving. Rest, oxygen, antibiotics
L respiratory sympioms) and tachycardia
ede
sputum, ral
and fever
H'Yf‘figéﬁ AC Faint, bitter aimonds interferes with oxygen Deep respiration followed Initially pinker than usual; may change to Nausea Profound hypertension May have initial excitation; then A. Drugs binding cyanide: AC
Cyanide utilization at cellular rapidly by dyspnea, gasping, cyanosis depression, giddiness, headache, 1) Methemoglobin formers; nitrites or DMAP
level then cessation of respiration irrational behavior, ataxia, 2) Scavengers; dicobalt edetate and hydroxocobalamin
convulsions or coma B. Provision of s-groups; thiosulfate
C.
D.
Cz'lanf)gen CK Very irritating Like hydrogen cyanide, irritation Lacrimation Irritation Irritation, cough, choking, Like hydrogen cyanide (AC} CK
chioride iung irritant dyspnea: pulmonary can
be rapid
Vomiting DM Burning fireworks, very Local irritant, induces Irritation Lacrimation Pain, rhinorrhea, Tightness Tightness and pain, Stinging (especially of face), occasional dermatitis Severe headache, mental DM
agents DA irritating vomiting tightness, sneezing uncaontrollable coughing | depression DA
DC DC
CN Irritating Local irritant Redness, Pain, biepharospasm,| irritation, burning Tightness, Tightness and irritation if Stinging (especially of face), occasional dermatitis, Occasional vomiting Headache Wash eyes with copious amounts of] Spontaneous improvement. Analgesic eye and nose CN
CA irritation profuse iacrimation, burning concentration is high may blister water drops if necessary ) CA
photophobia
(o} Very irritating, pungent, Locai irritant intense irritation Pain, blepharospasm,| irritation, burning, | Tightness, Tightness in chest and Stinging, occasional dermatitis, may blister Nausea and vomiting Headache Wash eyes with copious amounts of| Symptoms disappear rapidly in fresh air cs
CR pepper-like profuse lacrimation, | tightness burning difficulty breathing water CR
photophobia
BZ None Anticholinergic Mydriasis Blurred vision Extreme dryness Extreme Dry, flushed Constipation Tachycardia, elevated Urgency, urinary Headache, giddiness, drowsiness, For contamination of skin, wash Restraint, cool environment. Physostigmine. BZ
dryness blood pressure retention disorientation, hallucinations and with soap end water Treatment may be required over several days
occasional maniacal behavior.
Incapacitating Ataxia and/or lack of coordination
agents
LSD None Psychotomimetic Mydriasis Sweaty palms, cold extremities Tachycardia Mental excitation, poor concentration,| Pyrexia Reassurance, restraint, prompt evacuation, LSD
tremor, indecisiveness, inability to act diazepam
in a sustained or purposeful manner.
Hallucinations




FM 8-285/NAVMED P-5041/AFIMAN 44-149/FMFM 11-11

CHAPTER 2
NERVE AGENTS

Section I. INTRODUCTION

2-1. General

a. Nerve agents are a group of highly toxic
organic esters of phosphoric acid derivatives. These
agents have physiological effects (inhibition of cho-
linesterase) resembling those of physostigmine and
Fyridostig_mine. However, they are more potent,
onger-acting, and tend to be irreversible after a time
which varies with the agent.

b. Nerve agents are among the deadliest of
chemical agents and may produce rapid symptoms.
They include the G- and V-agents. Examples of G-
agents are Tabun (GA), Sarin (GB), Soman (GD),
and GF. A V-agent is VX. In some countries, “V”
agents are known as “A” agents. (Detailed descrip-
tions of nerve agents are found in FM 3-9.

¢. Nerve agents can be dispersed by artillery shell,
mortar shell, rocket, land mine, missile, aircraft spray,
and aircraft bomb or bomblet.

d. Several related but somewhat less toxic com-
pounds have proven to be useful in medicine and
agriculture, as indicated below. The symptoms and
treatment of poisoning by these compounds are similar
to those of poisoning by nerve agents.

(1) Anticholinesterase agents have been used
in the treatment of abdominal distention, urinary
retention, and glaucoma.

(2) Many of the insecticides currently in use
are organophosphates and are chemically related to
nerve agents.  Although beneficial for arthropod
control, their widespread use has caused many ac-
cidental poisonings—some fatal. Organophosphate
insecticides may have a slower and longer lasting
effect as compared to CW organophosphates.

2-2. Physical and Chemical Properties

Nerve agents are colorless to light brown liquids.
Some are volatile, while others are relatively non-
volatile at room temperature. Most nerve agents are
essentially odorless; however, some have a faint fruity
odor. In toxic amounts, aqueous solutions of nerve
agents are tasteless. The G-agents tend to be nonper-
sistent, whereas the V-agents are persistent. However,
thickened nonpersistent agents may present a hazard
for an extended period of time. These agents are
moderately soluble in water with slow hydrolysis; are
highly soluble in lipids; and are rapidly inactivated by
strong alkalies and chlorinating compounds (strong

alkalies and chlorinating compounds are used for
decontaminating equipment; in diluted formulas,
chlorinating compounds are used for patient de-
contamination).

2-3. Absorption of and Protection Against
Nerve Agents

a. Nerve agents may be absorbed through any
body surface. When dispersed as a spray or aerosol,
droplets can be absorbed through the skin, eyes, and
respiratory tract. When dispersed as a vapor at
expected field concentrations, the vapor is Primaril
absorbed through the respiratory tract. It enoug
agent is absorbed, local effects are followed b%
generalized systemic effects. The rapidity with whic
effects occur 1s directly related to the amount of agent
absorbed in a given period of time. Liquid nerve
agents may be absorbed through the skin, eyes, mouth,
and membranes of the nose. Nerve agents may also
be absorbed throu&;h the gastrointestinal tract when
ingested with food or water. Local effects after skin
exposure are localized sweating and/or muscular
twitching. Local effects after vapor or liquid exposure
to the eye include miosis and often conjunctival hy-
peremia.  Local effects of liquid on the mucous
membrane include twitching or contracting of the
underlying muscle and glandular secretions.  Ab-
sorption of a nerve agent by any route may result in

eneralized systemic effects. The respiratory tract
?mhalation) Is the most rapid and effective route of
absorption.

h. The protective mask and hood protect the face
and neck, eyes, mouth, and respirator?/ tract against
nerve agent spray, vapor, and aerosol. Nerve agent
vapor (in expected field concentrations) is absorbed
through the skin very slowly, if at all, so proper
masking may protect against the effects of low vapor
concentrations. To prevent inhaling an incapacitating
or lethal dose, hold your breath and put on your mas
within 9 seconds at the first warning of a nerve agent
presence.

¢. Liquid nerve agents penetrate ordinary clothing
rapidly. However, significant absorption through the
skin requires a period of minutes. The effects may be
reduced by quickly removing contaminated clothing
and neutralizing liquid nerve agent on the skin (washed
off, blotted, or wiped away). Prompt decontamination

2-1
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of the skin is imperative. Decontamination of nerve
agents on the skin within 1 minute after contamination
Is perhaps ten times more effective than it would be if
delayed 5 minutes. A nerve agent on the skin can be
removed effectively by using the M291 Skin Decon-
taminating Kit or the M258A1 Skin Decontamination
Kit (app D). The M291 Skin Decontaminating Kit is
replacing the M258A1. Upon receipt of the M291,
discontinue using the M258A1 on the skin. Liquid
nerve agent in the eye is absorbed faster than on the
skin and is extremely dangerous; immediately irrigate
the eye with copious amounts of water.

d. The chemical protective overgarment, patient
protective wrap (PPW), impermeable protective
gloves, and overboots i)rotect the skin against nerve
agents in liquid, aerosol, and vapor forms.

2-4. Effects of Nerve Agents

a. Mechanism of Action. The effects of nerve
agents (table 2-1) are due to their ability to inhibit
cholinesterase enzymes throughout the body. Since
the normal function of these enzymes is to hydrolyze
acetylcholine wherever it is released, such inhibition
results in the accumulation of excessive concentrations
of acetylcholine at its various sites of action. These
include the endings of the autonomic nerves to the
smooth muscle of the iris, ciliary body, bronchial tree,
gastrointestinal tract, bladder, and blood vessels; to
the salivary gilands and secretory glands of the
gastrointestinal tract and respiratory tract; and to the
cardiac muscle and endings of sympathetic nerves to
the sweat glands (fig 2-1). The accumulation of
acetylcholine at these sites results in characteristic
muscarinic signs and symptoms (table 2-1). The
accumulation of acetylcholine at the endings of motor
nerves to voluntary muscles and in some autonomic
ganglia results in nicotinic signs and symptoms (table
2-1). Finally, the accumulation of excessive acetyl-
choline in the brain and spinal cord results in char-
acteristic CNS symptoms (table 2-1). The inhibition
of cholinesterase enzymes throughout the body by
nerve agents may be irreversible and their efrects
Brolonged; therefore, treatment should begin prom%tly

efore irreversibility occurs. Until the tissue cho-
linesterase enzymes are restored to normal activity,
there is a period of increased susceptibility to the
effects of another exposure to any nerve agent. This
period of increased susceptibility occurs urin? the
enzime regeneration phase which could last from
weeks to several months, depending on the severity of
the initial exposure. During this period the effects of
repeated exposures are cumulative.

b. PathoIoPy. Aside from the decrease in the
activity of cholinesterase enzymes throughout the body
(which may be analyzed by laboratory methods), no
specific lesions are detectable by ordinary gross
examination. At postmortem examination there is
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usually capillary dilation, hyperemia, and edema of
the lungs; there may be similar changes in the brain
and the remaining organs. Neuropathologic changes
have been reported in animals following severe
intoxication.

c. Effects of Vapor. The lungs and the eyes absorb
nerve agents rapidly. Changes occur in the smooth
muscle of the eye, resulting In miosis (contraction of
the pupil); also in the smooth muscle and secretory
glands of the bronchi, producing bronchial constriction
and excessive secretions in the upper and lower
airways. In high vapor concentrations, the nerve agent
is carried from the lungs throughout the circulatory
system; widespread systemic effects may appear in
less than 1 minute.

(1) Local ocular effects. These effects begin
within seconds or minutes after exposure and before
there is any evidence of systemic absorption. The
earliest ocular effect which follows minimal symp-
tomatic exposure to vapor is miosis. This Is an
invariable sign of ocular exposure to enough vapor to
produce symptoms. It is also the last ocular mani-
festation to disappear. The pupillary constriction may
be different in each eye. Within a few minutes after
the onset of exposure, there also occurs redness of the
eyes due to conjunctival hyperemia and a sensation of
pressure with heaviness in and behind the eyes.
Usually vision is not grossly impaired, although there
may be a slight dimness especially in the peripheral
fields or when in dim or artificial light. Exposure to
a level of a nerve agent vapor slightly above the
minimal symptomatic dose results in miosis; pain in
and behind the eyes attributable to ciliary spasm,
especially on focusingﬁ some difficulty of accom-
modation; and frontal headache. The pain becomes
worse when the casualty tries to focus the eyes or
looks at a bright light. Some twitching of the eyelids
may occur. Occasionally there is nausea and vomiting
which, in the absence of systemic absorption, may be
due to a reflex initiated by the ocular effects. These
local effects may result in moderate discomfort and
some loss of efficiencY, but may not necessarily
produce casualties. Following minimal symptomatic
exposure, the miosis lasts from 24 to 72 hours. After
exposure to at least the minimal symptomatic dose,
miosis is well established within half an hour. Miosis
remains marked during the first day after exposure
and then diminishes gradually over 2 to 3 days after
MODERATE exposure, but may persist for as lon
as 14 days after severe exposure. The conjunctiva
erythema, eye pain, and headache may last from 2 to
15 days depending on the dose.

(2) Local respiratory effects. Following
minimal exposure, the earliest effects on the
respiratory tract are watery nasal discharge, nasal
hyperemia, sensation of tightness in the chest,
and occasionally, prolonged wheezing expiration
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suggestive of bronchoconstriction or increased
bronchial secretion. The rhinorrhea usually lasts for
several hours after minimal exposure and for about 1
day after more severe exposure. The respiratory
symptoms are usually intermittent for several hours
duration after MILD exposure; they may last for 1 or
2 days after more severe exposure.

(3) Systemic effects.  The sequence of
symptoms varies with the route of exposure. While
resplrator?/ symptoms are generally the first to appear
after inhalation of nerve agent vapor, gastrointestinal
symptoms are usually the first after ingestion.
Following comparable degrees of exposure, respi-
ratory manifestations are most severe after inhalation
and gastrointestinal symptoms may be most severe
after ingestion. Otherwise, the systemic manifestations
are, in general, similar after an?/ exposure to nerve
agent poisoning by any route. If local ocular exposure
has not occurred, the ocular manifestations (including
miosis) initially may be absent. The signs, symptoms,
and their time course following exposure to nerve
agent are given in table 2-2. The systemic effects
may be considered to be nicotinic, muscarinic, or by
any action at receptors within the CNS. The pre-
dominance of muscarinic, nicotinic, or CNS effects
will influence the amount of atropine, oxime, or
anticonvulsant which must be given as therapy. These
effects will be considered separately.

(a) Muscarinic effects. The tightness in
the chest is an early local symptom of respiratory
exposure.  This symptom progressively increases as
the nerve agent Is absorbed Into the systemic cir-
culation, whatever the route of exposure.  After
MODERATE or severe exposure, excessive bronchial
and upper airway secretions occur and may become
very profuse, causing coughing, airway obstruction,
and respiratory distress.  Audible wheezing may
occur, with prolonged expiration and difficulty in
moving air into and out of the lungs, due to the
increased bronchial secretion or to bronchoconstric-
tion, or both. Some pain may occur in the lower
thorax and salivation increases. Bronchial secretion
and salivation may be so profuse that watery secretions
run out of the sides of the mouth. The secretions may
be thick and tenacious. If postural drainage or suction
Is not employed, these secretions may add to the
airway obstruction. Laryngeal spasm and collapse of
the hypopharyngeal musculature may also obstruct the
airway. The casualty may gasp for breath, froth at
the mouth, and become cyanotic. If the upper airway
becomes obstructed by secretions, laryngeal spasm,
or hyﬁopharyngeal musculature collapse, or if the
bronchial tree becomes obstructed by secretions or
bronchoconstriction, little ventilation may occur de-
spite respiratory movements. As hypoxemia and
cyanosis increase, the casualty will fall exhausted and
become unconscious. Following inhalation of nerve

agent vapor, the respiratory manifestations predomi-
nate over the other muscarinic effects; they are likel
to be most severe. in older casualties and in those wit
a history of respiratory disease, particularly bronchial
asthma. However, if the exposure is not so over-
whelming as to cause death within a few minutes,
other muscarinic effects appear. These include sweat-
Ing, anorexia, nausea, and epigastric and substernal
ti?htness with heartburn and eructation. If absorption
of the nerve agent has been great enough (whether
due to a single large exposure or to repeated smaller
exposures), there may follow abdominal cramps,
increased peristalsis, vomiting, diarrhea, tenesmus,
increased lacrimation, and urinary frequency. Cardio-
vascular effects are occasional early bradelcardia,
transient tachycardia and/or hypertension followed by
hypotension, and cardiac arrhythmias. The casualty
perspires profusely, may have Involuntary defecation
and urination, and may go into cardiorespiratory arrest
followed by death.

(b) Nicotinic effects. With the appear-
ance of MODERATE muscarinic systemic effects,
the casualty begins to have increased fatigability and
MILD generalized weakness which is increased by
exertion.  This is followed by involuntary muscular
twitching, scattered muscular fasciculations, and
occasional muscle cramps. The skin may be pale due
to vasoconstriction and blood pressure moderately
elevated (transitory) together with tachycardia,
resulting from epinephrine response to excess
acetylcholine. If the exposure has been severe, the
muscarinic cardiovascular symptoms will dominate
and the fascicular twitching %which usually appear first
in the eyelids and in the facial and calf muscles)
becomes generalized. Many rippling movements are
seen under the skin and twitching movements appear
in all parts of the body. This is followed by severe
generalized muscular weakness, including the muscles
of respiration. The respiratory movements become
more labored, shallow, and rapid; then they become
slow and finally intermittent.  Later, respiratory
muscle weakness may become profound and contribute
to respiratory depression. Central respiratory de-
pression may be a major cause of respiratory failure.

(c) Central nervous system effects. In
MILD exposures, the systemic manifestations of nerve
agent poisoningi usually include tension, anxiety,
jitteriness, restlessness, emotional lability, and
giddiness.  There may be insomnia or excessive
dreaming, occasionally with nightmares. If the
exposure is more marked, the following symptoms
may be evident: headache, tremor, drowsiness, dif-
ficulty in concentration, memory impairment with slow
recall of recent events, and slowing of reactions. In
some casualties, there is apathy, withdrawal, and
depression. With the appearance of MODERATE
symptoms, abnormalities of the electroencephalogram
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occur, characterized by irregularities in rhythm, varia-
tions in potential, and Intermittent bursts of abnormally
slow waves of elevated voltage similar to those seen
In patients with epilepsy. These abnormal waves
become more marked after 1 or more minutes of
hyperventilation which, if prolonged, may occasion-
ally precipitate a generalized convulsion. If absorption
of nerve agent has been great enough, the casualty
becomes confused and ataxic. The casualty may have
changes in speech (consisting of slurring, difficult?/ in
forming words, and multiple repetition of the last
syIIabIe%. The casualty may then become comatose,
reflexes may disappear, and respiration may become
Cheyne-Stokes In character. Finally, generalized
convulsions may ensue. With the appearance of severe
CNS symptoms, central respiratory depression will
occur %dding to the respiratory embarrassment that
may already be present) and may progress to res-
piratory arrest. However, after severe exposure, the
casualty may lose consciousness and promptly con-
vulse without other obvious symptoms. Death is
usually due to respiratory arrest and anoxia. Promﬁt
initiation of assisted ventilation may prevent death.
Depression of the circulatory centers may also occur,
resulting in a marked reduction in heart rate with a
fall of blood pressure some time before death.
d. Effects of Liquid Nerve Agent.

(1) Local ocular effects. The local ocular
effects are similar to the effects of nerve agent vapor.
If the concentration of the liquid nerve agent con-
taminating the eye is high, the effects will be instan-
taneous and marked; and, if the exposure of the two
eyes is unequal, the local manifestations may be
unequal. Hyperemia may occur but there is no
immediate local inflammatory reaction such as may
occur following ocular exposure to more irritating
substances (for example, Iewisite?.

(2) Local skin effects. Following cutaneous
exposure, there is localized sweatin%] at and near the
site of exposure and localized muscular twitching and
fasciculation. However, these may not be noticed
causing the skin absorption to go undetected until
systemic symptoms begin.

(3) Local gastrointestinal effects. Following
the in%estion of substances containing a nerve agent
(which is essentially tasteless), the initial symptoms
Include abdominal cramps, vomiting, and diarrhea.

(4) Systemic effects. The sequence of symp-
toms varies with the route of exposure. While res-
piratory symptoms are generally the first to appear
after inhalation of a nerve agent vapor, gastrointesti-
nal symptoms are usually the first after ingestion.
Following comparable degrees of exposure, respira-
tory manifestations are most severe after inhalation,
and gastrointestinal symptoms may be most severe
after ingestion. Otherwise, the systemic manifestations
are, in general, similar after any exposure to nerve
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agent poisoning by any route. If local ocular exposure
has not occurred, the ocular manifestations (including
miosis) initially may be absent.

e. Time Course of Effects of Nerve Agents.See
table 2-2.

f. Cumulative Effects of Repeated Exposure.
Daily exposure to concentrations of a nerve agent
insufficient to produce symptoms following a single
exposure may result in the onset of symptoms after
several days. Continued daily exposure may be
followed by increasingly severe effects. After symp-
toms subside, increased susceptibility may persists for
up to 3 months. The degree of exposure required to
produce recurrence of symptoms and the severity of
these symptoms depend on the dose received and the
time interval since the last exposure. Increased sus-
ceptibility is not limited to the particular nerve agent
initially absorbed.

g. Cause of Death. In the absence of treatment,
death is caused by anoxia resulting from airway
obstruction, weakness of the muscles of respiration,
and central depression of respiration.  Airway ob-
struction is due to pharyngeal muscular collapse; upper
airway and bronchial secretions; bronchial constriction
and occasionally laryngospasm; and paralysis of the
respiratory muscles. Respiration is shallow, labored,
and rapid, and the casualty may gasp and struggle for
air. Cyanosis increases. Finally, respiration becomes
slow and then ceases resulting in unconsciousness.
The blood pressure (which may have been transitorily
elevated) falls. Cardiac rhythm may become irregular
and death may ensue. The individual may survive
several lethal doses of a nerve agent if assisted
ventilation is initiated via cricothyroidotomy or
endotracheal tube, if airway secretions are cleared by
Bostural drainage and suction, and if secretions and

ronchial constrictions are diminished by the vigorous
administration of atropine. However, it the exposure
has been overwhelming, amounting to many times the
lethal dose, death may occur as a result of respiratory
arrest and cardiac arrhythmia despite treatment. When
overwhelming doses of the agent are absorbed quickly,
death occurs rapidly without orderly progression of
symptoms.

2-5. Diagnosis of Nerve Agent Poisoning

a. Nerve agent poisoning may be identified from
the characteristic signs and symptoms. If exposure to
vapor has occurred, the pupils will be very small,
usually pinpointed. If exposure has been cutaneous,
or has followed ingestion of a nerve agent in con-
taminated food or water, the pupils may be normal
or, in the presence of severe systemic symptoms,
slightly to moderately reduced in size. In this event,
the other manifestations of nerve agent poisoning must
be relied on to establish the diagnosis. No other
known chemical agent produces muscular twitching
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and fasciculations, rapidly developing pinpoint pupils,
or the characteristic train of muscarinic, nicotinic,
and CNS manifestations.

h. It is important that all service members know
the following MILD and SEVERE signs and symp-
toms of nerve agient Eoisoning. Service members who
have most or all of the symptoms listed below must
IMMEDIATELY receive first aid (self-aid or buddy
aid) (paras 2-11 aand b, respectively).

(1) MILD poisoning (self-aid). Casualties
with MILD symptoms may experience most or all of
the following:

a) Unexplained runny nose.

b) Unexplained sudden headache.

¢) Sudden drooling.

N d) Difficulty in seeing (dimness of

vision and miosis).

(e) Tightness in the chest or difficulty
in breathing.

f) Wheezing and coughing.

o %) Localized sweating and muscular
twitching in the area of the contaminated skin.

(h) Stomach cramps.
8 Nausea with or without vomiting.

i j) Tachycardia followed by brady-
cardia.

(2) SEVERE symptoms (buddy aid). Casu-
alties with SEVERE symptoms may experience most

or all of the MILD symptoms, plus most or all of the
following:

_(b) Increased wheezing and increased
dyspnea (difficulty in breathing).
¢) Severely pinpointed pupils.
Red eyes with tearing.
e) Vomiting.
f) Severe muscular twitching and
general weakness.
(9) Involuntary urination and defeca-

ga Strange or confused behavior.

tion.
h) Convulsions.
|g Unconsciousness.
|) Respiratory failure.
k?\Bradycar ia.
Casualties with severe symptoms WILL NOT be able

to treat themselves and MUST RECEIVE prompt
buddy aid (para 2-11 b), CLS aid fparas 2-9 eand
2-12 ¢), and prompt follow-on medical treatment (paras
2-15 and 2-16) if they are to survive.

c. Casualties with MODERATE poisoning will
experience an increase in the severity of most or all of
the MILD symptoms.  Especially prominent will be
fatigue, weakness, and muscle fasciculations. The
progress of symptoms from MILD to MODERATE
Indicates either inadequate treatment or continuing
exposure to the agent.

Section 1. PREVENTION AND TREATMENT OF NERVE AGENT POISONING

2-6. Essential Elements of Prevention and
Treatment

The essential prevention and treatment elements of
nerve agent poisoning are—

a. Donning the protective mask and hood at the
first indication of a nerve agent attack.

b. Administering the MARK | (para 2-11) as soon
as any signs or symptoms are noted.

¢. Administering the CANA to MODERATE to
severely poisoned casualties (para 2-12).

NOTE
The U.S. Navy does not use the MARK .
Instead, the Navy issues three atropine and
three pralidoxime chloride (2 PAM C1)
auto injectors per person.

d. Removing or neutralizing any liquid contami-
nation immediately.

e. Removing airway secretions if they are ob-
structing the airway. Airway suction may be needed.

f. Establishing a patent airway (for example, with
a cricothyroidotomy or endotracheal tube) and admin-
Istering assisted ventilation, if required. Oxygen is
desired, if available.

2-8

2-7. Prevention of Poisoning

a. The respiratory tract absorbs nerve agent vapor
verKAraBidIy. The protective mask must be put on
IMMEDIATELY when it is suspected that nerve
agent vanr Is present in the air. Hold the breath until
the mask is on, cleared, and checked. If the nerve
agent concentration in the air is high, a few breaths
may result in the inhalation of enough nerve agent to
be Incapacitating or even lethal. When the con-
centration in the air is low, a longer exposure may
precede the onset of symptoms and the detection of
nerve agent poisoning. Since the effects of a nerve
a(};ent are progressive and cumulative, the prevention
of further absorption is urgent once symptoms have
be?un. Protective masks should be worn until the
“all clear” signal is given.

h. DO NOT give nerve agent antidotes for pre-
ventive purposes BEFORE contemplated exposure to
a nerve agent. To do so may enhance respiratory
absorption of nerve a%ents by inhibiting broncho-
constriction and bronchial secretion. ~ Atropine will
degrade performance when taken in doses of more
than 2 milligram (mg) without nerve agent exposure,
especially when maximal visual acuity is required.
Also, atropine will degrade an individual’s ability to



FM 8-285/NAVMED P-5041/AFJIMAN 44-149/FMFM 11-11

perform duties in a hot environment. Atropine is
rapidly used up in the treatment of nerve agent
poisoning. A |Ioerson incapacitated by nerve agent
poisoning will likely remain incapacitated since
atropine will not reverse all the signs and symptoms
of poisoning, even in large doses.

¢. Nerve agents (liquid or vapor) can poison food
and water. For details on management and decon-
tamination of food and water, see FM 8-10-7.

2-8. Effects of Nerve Agent Antidotes
a. General.

(1) Atropine. Atropine sulfate remains an
essential drug in the treatment of nerve agent poi-
soning. It acts by blocking the effects of acetylcholine
at muscarinic receptors and produces relief from many
of the symptoms previously listed. If given in large
doses, some therapeutic effects are also produced
within the CNS although atropine does not readily
penetrate the blood-brain barrier as does diazepam
(ﬁara 2-8 a (3)), and central muscarinic receptors are
thought not to be identical with those in the periphery.
It is thought to counteract the respiratory depression
in the medulla oblon?ata. Used alone, it has little
influence on the mortality rate in the potentially fatal
apneic cases for which assisted ventilation is many
times more effective. However, the combination of
adequate atropinization plus assisted ventilation is
several times more effective in saving lives than
assisted ventilation alone.

(2) 2PM CI. 2 PAM Cl is an oxime which
increases the effectiveness of drug therapy in poison-
ing by some—but not all—cholinesterase inhibitors.
Unlike atropine, 2 PAM Cl acts by blocking the nerve
agent inhibition of cholinesterase and/or reactivating
the inhibited acetylcholinesterase clinically at mus-
carinic sites. Thus 2 PAM Cl relieves the skeletal
neuromuscular block, as well as reactivating the
acetylcholinesterase clinically at muscarinic sites. The
role of 2 PAM Cl is to block and reverse the bonding
of the nerve agent to the acetylcholinesterase. Oximes
must be given early in the poisoning; after a short
period of time (different for each type of nerve agent),
they may no longer be effective.

- - N.OTE - -
2 PAM Cl varies in its effectiveness against
nerve agents. It is least effective against
GD.

(3) Diazepam. Diazepam readily crosses the
blood-brain barrier to block the effects of acetylcholine
on the CNS, in contrast to the partial protection of
atropine at best. Diazepam antagonizes the convulsive
action of nerve agents. The addition of diazepam to
the basic antidotes prevents or ameliorates convulsions
in MODERATE to severe nerve agent poisoning.

b. Rate of Absorption.

(1) Atropine. A 2-mg intramuscular (IM)
injection will reach peak effectiveness in 3 to 10
minutes, then blood concentrations will decline. If
the system is unchallenged by a nerve agent, a 2-m%
IM injection will cause atropine effects for severa
hours. In the presence of a nerve aPent challenge, the
effectiveness of atropine is markedly reduced and the
duration of the agent is significantly shortened. More
frequent doses of atropine will be required to achieve
and maintain atropinization.

(2) 2 PAM CI. Depending on the degree of
intoxication, a 600-mg IM will be effective in 6 to 8
minutes and will maintain peak effectiveness for
1 hour or more. If the system is unchallenged by a
nerve agent, a 600-mg IM will remain in the cir-
c?flatory system for several hours without apparent
effect.

(3) Diazepam. A 10-mg IM injection in the
thigh ordinarily produces significant plasma levels in
10 minutes; peak plasma concentrations are obtained
in about 1 hour. The concentrations will then decline
over a prolonged period. Rapid administration of
diazepam by IM autoinjector after nerve agent ex-
posure may more effectively prevent or ameliorate
convulsions. SEVERE nerve agent toxicity may
require multiple 10-mg doses given at about 10 minute
intervals for a maximum of three (3) injections (a total
of 30 mg diazepam) to control convulsions.

¢. Symptoms Produced by the Antidotes.

(1) Atropine.

(a) The administration of a single dose
of 2 mg (one autoinjector) of atropine to an individual
who has absorbed minimal or no nerve agent produces
MILD symptoms, including dryness of the skin,
mouth, and throat, with slight difficulty in swallowing.
The individual may have a feeling of warmth, slight
flushing, rapid pulse, some hesitancy of urination,
and an occasional desire to belch. The pupils may be
slightly dilated but react to light. In some individuals,
there may be MILD drowsiness and slowness of
memory and ability to recall. Recipients of atropine
may have the feeling that their movements are slow
and their near vision is blurred. Some individuals
may be miIdIK relaxed. These symptoms should not
interfere with ordinary activity, except in the oc-
casional individual who proves to be unusually reactive
to the “sensation” effects of atropine (particularly the
feeling of drowsiness). However, mental reaction
may be in%htIy slowed down (for this reason, aviators
must not fly an aircraft after taking atropine until
cleared by the flight surgeon). If the administration
of 2 mg of atropine is repeated within an hour with-
out nerve agent challenge, the symptoms become
MODERATE. In most of these individuals, there
will be some CNS symptoms (such as drowsiness,
fatigue, slowness of memory and ability to recall, the
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feeling that body movements are slow, and blurred
near vision); but they can continue ordinary activity
with some loss of efficiency. Near vision may be
impaired for as long as 24 hours. After repeated
injections of atropine, heat-stressed individuals will

become casualties ((b) below). A third 2-mg dose of
atropine (again without nerve agient challenge) admin-
istered within an hour will result in severe symptoms
which will not permit ordinary activity—in fact, most
individuals will be incapacitated. SEVERE incapaci-

tating symptoms of overatropinization (nerve agent
antidote poisoning) are a very dry mouth; swelling of
the tongue and oral mucous membranes; difficuItK in
swallowing; thirst; hoarseness; dry and flushed skin;

dilated pupils; blurred near vision; tachycardia (rapid
pulse); urinary retention (in older individuals); con-

stipation; slowing of mental and physical activity;

restlessness; headache; disorientation; hallucinations;

depression; increased drowsiness; extreme fatigue;

rapid respiratory panting; and respiratory distress.

Abnormal behavior may require restraint. The effects
of atropine without nerve agent challenge are fairly
prolonged, lasting 3 to 5 hours after one or two

Injections and 12 to 24 hours after marked over-
atropinization. Overatropinization may be incapaci-
tating but presents little danger to life in a temperate

environment for the nonheat-stressed individual. A
single dose of 10 mg of atropine has been administered

intravenously to normal young adults without en-
dangering life—even in the absence of any prior
absorption of a nerve agent—although it has produced
very marked signs of overdose.

NOTE

While an unchallenged dose of atropine
may allow individuals to continue normal
duties, they must be closely monitored for
possible heat injury. This is especially
Important when at MOPP 4 and the in-
dividuals’ ability to perspire is reduced due
to atropine.

(b) In hot, desert, or tropical environ-
ments or in heat-stressed individuals, doses of atropine
tolerated well in temperate climates may be seriously
incapacitating by interference with the sweating
mechanism.  This can sharply reduce the combat
effectiveness of troops who have suffered little or no
exposure to a nerve agent. In hot climates or in heat-
stressed individuals, one dose (2 mg) of atropine can
reduce efficiency. Two doses (4 mg) will sharply
reduce combat efficiency, and 6 mg will incapacitate
troops for several hours. In hot, humid climates,
individuals who have inadvertently taken an overdose
of atropine and are exhibiting signs of atropine
intoxication should have their activity restricted. In
addition, these casualties must be kept as cool as

2-10

possible for 6 to 8 hours after injection to avoid serious
Incapacitation. Usually, the casualties will recover
fully in 24 hours or less from a significant overdose
of atropine.

¢) Experience in chemical operations
has shown that when troops become alarmed, some
believe they have been exposed to more chemical
agents than they actually have been. Hence, it is
important that service members NOT give themselves
more than one atropine injection (2 mg). Casualties
who are able to ambulate and know who they are and
where they are WILL NOT need any more atropine
injections. I the symptoms do recur additional
atropine, up to two more injections for a total of three
(3), can be administered to these casualties. A service
member must consult with a buddy to determine if he
or she needs additional injections of atropine. If an
individual’s heart rate is above 90, breathing appears
normal, bronchial secretions have diminished, and the
skin is dry, the individual does not need anymore
atropine at this time. Additional atropine is given by
a buddy since casualties requiring more will be unable
to administer additional injections to themselves. The
additional administration of atropine to a service
member with only MILD symptoms must be ap-
proached cautiously with at least 10 to 15 minutes
elapsing between successive ing'ections. If the signs of
nerve agent poisoning (para 2- ?]disappear, or if signs
of atropinization, such as a heart rate above 90,
diminished bronchial secretions, and dry skin, appear
during one of these 10- to 15-minute periods, no
further injections should be administered. These
casualties should remain under observation without
further injections of atropine unless signs of nerve
agent intoxication reappear.

NOTE

Although one means of determining the
casualty’s need for additional atropine is
the heart rate, assessing his or her respi-
ratory effort is important in the evaluation.
Labored breathing, including coughing,
noisy breathing, wheezing, and gasping for
air, Indicates the need for administering
additional atropine. When the heart rate is
not obtainable, the need for additional
atropine may be based on the degree of
respiratory impairment. When adequate
atropine has been given, labored breathing
efforts will be relieved. This assessment
must be performed without compromising
the protective posture of MOPP.

d) Patients with severe symptoms due
to systemic absorption of a nerve agent have increased
tolerance for atropine. Multiple doses maybe required
before signs of atropinization appear, such as heart
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rate above 90, diminished bronchial secretions, and
dry skin. Large doses are required to ameliorate the
muscarinic effects of nerve agent poisoning. The
absence of increased tolerance for atropine indicates
that nerve agent poisoning probably is not present or
is MILD. In the presence of severe nerve agent
poisoning, as much as 50 mg of atropine may be
required for treatment in a 24-hour period. More
than three injections of atropine will be administered
only by the CLS or medical personnel.

(2) 2 PAM CI. MILD visual changes maybe
a side effect of 2 PAM CI. After the administration
of three injections of 2 PAM Cl, generally no further

oxime benefit is attained by additional injections of
2 PAM ClI.

(3) Diazepam. The administration of a single
dose of 10 mg (one autoinjector of CANA) to an
individual who has absorbed minimal or no nerve
a%ent produces significant performance decrements for
about 2 to 5 hours. The individual will have impaired
vision and decision-making functions over this time
period. Overall alertness may be impaired. There
could also be breathing difficulty. For this reason,
casualties should be lying on their side until they are
alert again. There may be transient irritation, as well
as pain, at the injection sites.

Section I1l. SELF-AID, BUDDY AID, COMBAT LIFESAVER PROCEDURES,
AND COMBAT MEDIC/CORPSMAN TREATMENT

2-9. Principles of Self-Aid and Buddy Aid

a. The protective mask and hood must be put on
IMMEDIATELY at the first signs of a chemical
attack. (The protective overgarment should have
already been put on prior to the use of chemicals on
the battlefield.) Stop breathing, put on %/our mask,
clear and seal the mask, and resume breathing. Secure
the mask hood. The mask and protective clothing are
worn continually until the “all clear” siginal IS given.

b. IMMEDIATELY mask any casualty that does
not have a mask on if the atmosphere is still con-
taminated.

¢. The appearance of nerve agent poisoning
symptoms calls for the immediate IM injection of the
nerve agent antidote (paras 2-11 and 2-12). Since
inhalation will be the most common route of exposure,
the most likely initial symptom will be rhinorrhea
§runny nose), then miosis (dim vision), followed by a
eeling of tightness or constriction in the chest. After
ocular (eyes% splash, there will be immediate miosis.
After cutaneous (skin) splash, the initial systemic
symptoms may be localized sweating and localized
muscular twitching, followed by nausea and abdominal
cramps. After ingestion, the first symptoms are likely
to be nausea and vomiting. In any case, use the nerve
agent antidotes as directed (paras 2-11 and 2- 12).

d. Promptly remove any liquid nerve agent on the
skin, on the clothing, or in the eyes.

(1) If a liquid nerve agent gets on the skin,
decontamination must be accomplished within 1 min-
ute (see app D). Then continue the mission. Examine
the contaminated area occasionally for local sweating
and muscular twitching. If these occur, the nerve agent
antidote should be administered. Combat duties should
be continued, as systemic symptoms of nerve agent
poisoning may not occur or maY be MILD if the
decontamination was done immediately and successfully.

(2) If a drop or splash of liquid nerve agent

gets into the eye, instant action is necessary to avoid
serious effects. Irrigate the eye immediately with
water as described In appendix D. During the next
minute, the pupil of the contaminated eye should be
observed by a buddy. If the pupil rapidly gets smaller,
a nerve agent antidote should be administered. If the
pupil does not get smaller, the ocular contamination
was not caused by a nerve agent and atropine is not
needed.

e. If good relief is obtained from one set of MARK
| injections and breathing is normal, carry on with
combat duties. Dryness of the mouth is a good sign—
it means enough atropine has been taken to overcome
the dangerous effects of the nerve agent. If symptoms
of the nerve agent are not relieved, the service member
should be administered two more sets of the MARK |
injections plus one injection of CANA by a buddy, in
accordance with the provisions of paragraph 2-11. If
symptoms still persist and the pulse (heart rate) drops
below 90 per minute, bronchial secretions persist, or
the skin remains moist, then the service member can
be administered additional atropine injections by the
CLS or medical personnel (who carry additional
atropine for the treatment of nerve agent casualties) to
maintain adequate atropinization. The CLS and com-
bat medic/corpsman also carry extra CANA for ad-
ministration to nerve agent casualties (para 2-12). The
CLS or combat medic/corpsman can administer
additional CANA uP to a maximum of three before
evacuating the casualty. Evacuate the service member
to a field MTF as soon as the combat situation permits.

f. Atropine and 2 PAM ClI by injection do not
relieve the local effects of nerve agent vapor on the
eyes. Although the eyes may hurt and there may be

Ifficulty in focusing and a headache, the service
members should carry on with their duties to the best
of their ability. These symptoms are annoying but not
dangerous.

2-11
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g. Exposure to high concentrations of a nerve
agent may bring on incoordination, mental confusion,
and/or collapse so rapidly that the casualty cannot
perform self-aid. If this happens, the nearest able
service member must render buddy aid.

h. SEVERE nerve agent exposure may rapidly
cause unconsciousness, muscular paralysis, and the
cessation of breathing. When this occurs, antidote
alone will not save life. IMMEDIATELY after a
buddy administers three sets of the MARK | and
CANA, assisted ventilation must be started by medical
personnel, if a resuscitation device is available.
Assisted ventilation should be continued until normal
breathing is restored.

2-10. The Nerve Agent Antidote Kit, MARK |
The Nerve Agent Antidote Kit, MARK I (fig E-1), is
an antidote used by the Army and the Air Force in the
treatment of nerve agent poisoning.

a. Description. The MARK | kit consists of four
separate components: the atropine autoinjector, the
2 PAM Cl autoinjector, the plastic clip, and the foam
carrying case.

?1) The atropine autoinjector consist of a hard
plastic tube containing 2 mg (0.7 milliliter (ml)) of
atropine in solution. It has a pressure activated coiled
spring mechanism which triggers the needle for
injection of the antidote solution. The container is
white plastic with yellow lettering on green
identification and directions labels. The safety cap
is yellow plastic attached to the clip at the rear of the
container. The needle end is a green plastic cap
which, when pressure is applied, activates the spring
mechanism.

(2) The 2 PAM ClI autoinjector is a hard
plastic tube which dispenses 600 mg/2 ml of 2 PAM
ClI (300 mg/ml) solution when activated. It has a
pressure activated coiled spring mechanism identical
to that in the atropine autoinjector. The container is
clear plastic with black lettering on a brown identifi-
cation label. Directions are in black lettering on a
white background. The safety cap is gray plastic
attached to the clip at the rear of the container. The
needle end is black plastic.

(3) The clip is made of clear hard plastic
constructed to hold the pair of autoinjectors together
while attached to their safety caps. The safety caps
are held flush to the bottom of the plastic clip by a
movable metal retaining flange. The clip container
recesses are labeled with black numbers: “1” for the
atropine and “2” for the 2 PAM Cl autoinjector.

(4) The foam envelope is a charcoal gray
form-fitting case with pressed seams and is designed
to carry both autoinjectors. The envelope is used for
shipping purposes only and is removed by service
members prior to putting the MARK | kits in their
mask carrier.
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b. Issue to Service Members. In the U.S. Army
and the U.S. Air Force, each person is authorized to
carry three sets of the MARK | kit for the treatment
of nerve agent poisoning. The U.S. Navy, however,
does not use the MARK | but, rather, its antidote
components are issued as three atropine and three 2
PAM Cl autoinjectors per person.

¢. Protection Against Freezing. The atropine and
the 2 PAM Cl solutions freeze at about 30°F (1°C).
Therefore, when the temperature is below freezing,
the MARK | injectors should be protected against
freezing. Autoinjectors issued to the individual service
member are normally carried in the protective mask
carrier. During cold weather when the temperature is
below freezing, the injectors should be carried in an
inside pocket close to the body. (Should the MARK |
injgcgors become frozen, they can be thawed and
used.

2-11. Principles in the Use of the Nerve

Agent Antidote Kit, MARK |
The following are principles to be followed in the
administration of the MARK 1 (fig E-1).

a. Self-Aid. If you experience most or all of the
MILD symptoms of nerve agent poisoning (para 2-5),
you should IMMEDIATELY hold your breath (DO
NOT INHALE) and put on your protective mask.
Then administer one set of MARK | injections into
your lateral thigh muscle (or buttocks). (Self-aid
procedlilzrgz for administering the autoinjectors is found
inapp E.

(1) Wait 10 to 15 minutes after giving your-
self the first set of injections since it takes that long
for the antidote to take effect. If you are able to
ambulate, know who you are, and where you are, you
WILL NOT need a second set of MARK | injections.

WARNING
Giving yourself a second set of injections
may create a nerve agent antidote over-
dose, which could result in incapacita-
tion.

(2) If symptoms of nerve agent poisoning are
not relieved after administering one set of MARK |
injections, seek someone else to check your symptoms.
A buddy must administer the second and third sets of
injections, if needed.

h. Buddy Aid. If you encounter a service member
suffering from SEVERE signs of nerve agent poi-
soning (para 2-5), render the following aid:

1) Mask the casualty, if necessary. Do not
fasten the hood.

(2) Administer, in rapid succession, three sets
of the MARK .

(I;ollow administration procedures outlined in appen-
ix E.
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NOTE
Use the casualty’s own antidote auto-
injectors when providing aid. Do not use
your injectors on a casualty. If you do,
you may not have any antidote available
when needed for self-aid.

c. Combat Lifesaver. The CLS must check to
verify if the individual has received three sets of the
MARK I. If not, the CLS performs first aid as
described for buddy aid above. If the individual has
received the initial three sets of MARK I, then the
CLS may administer additional atropine injections at
approximately 15 minute intervals until atropinization
is achieved (that is a heart rate above 90 beats per
minute; reduced bronchial secretions; and reduced
salivation).  Administer additional atropine at in-
tervals of 30 minutes to 4 hours to maintain atropiniza-
tion or until the casualty is placed under the care of
medical personnel. Check the heart rate by lifting the
casualty’s mask hood and feeling for a pulse at the
carotid artery. Request medical assistance as soon as
the tactical situation permits.

d. Combat Medic/Corpsman. A casualty has re-
ceived three sets of MARK I; however, atropinization
has not been achieved. Administer additional atropine
at approximately 15 minute intervals until atro-
Binization Is achieved (that is a heart rate above 90

eats per minute; reduced bronchial secretions and
reduced salivation). Administer additional atropine
at intervals of 30 minutes to 4 hours to maintain
atropinization or until the casualty is evacuated to an
MTF. Check the heart rate by litting the casualty’s
mask hood and feeling for a pulse at the carotid artery.
Provide assisted ventilation for severely poisoned
casualties, if equipment is available. Monitor the
patient for development of heat stress.

2-12. Principles in the Use of Convulsant
Antidote for Nerve Agents

The following are principles to be followed in the

administration of CANA (fig E-1).

a. Self-Aid. The CANA is NOT for use as self-
aid. If you know who you are, where you are, and
what you are doing, you do not need CANA. If
symptoms do not subside after self-administering one
MARK I, seek assistance from a buddy.

b. Buddy Aid. In addition to administering the
MARK | antidotes for nerve agents as buddy aid, also
administer the CANA.

%1) Mask the casualty, if necessary. Do not
fasten the hood.

(2) Administer the CANA with the third
MARK 1 to prevent convulsions. DO NOT administer
more than one CANA. Follow administration pro-
cedures outlined in appendix E.

NOTE
DO NOT use your own CANA on the
casualty. You may not have any antidote
for your own treatment, if needed.

¢. Combat Lifesaver and Medic/Corpsman. The
CLS or medic/corpsman should administer additional
CANA to casualties suffering convulsions. Administer
a second, and if needed, a third CANA at5to 10
minute intervals for a maximum of three injections
(30 mg diazepam). Follow the steps and procedures
described in buddy aid for administering the CANA.
DO NOT give more than two additional injections for
a total of three Sone buddy aid plus two by CLS or
medic/corpsman).

2-13. Effects of Atropine

The effect of atropine administration on MILD and
MODERATE cases of nerve agent poisoning may
help confirm the diagnosis. Atropine injection
alleviates most of the muscarinic manifestations. It
has little effect on the CNS symptoms and no effect
on the nicotinic symptoms.  If the casualty has
absorbed little or no nerve agent, the administration
of a single dose of 2 mg of atropine produces
symptoms of mild atropinization (tachycardia, dry
mouth) in most individuals and repetition of this dose
within 1 or 2 hours produces MODERATE symptoms
of atropinization in almost all individuals. In contrast,
a casualty with MODERATE symptoms of nerve
agent poisoning will not develop symptoms of atro-
pinization after administration of 2 mg of atropine. A
casualty with severe symptoms of nerve agent poison-
ing may tolerate—indeed may require—considerably
hmore)than 4 mg of atropine (as much as 50 mg in 24

ours).

2-14. Effects of Convulsant Antidote for
Nerve Agents

Diazepam (CANA) is intended to prevent or

ameliorate convulsions in MODERATE to severe

nerve agent poisoning. A casualty with severe nerve

agent poisoning may require multiple doses of CANA

(30 mg or more).

2-13
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Section IV. TREATMENT IN THE FIELD
(MEDICAL TREATMENT FACILITY)

2-15. Administration of the Nerve Agent

Antidotes
Upon arrival at the MTF a casualty is still presenting
signs/symptoms of nerve agent poisoning (para 2-5).
The casualty has received self-aid, buddy aid, CLS
care, or treatment by the combat medic/corpsman, or
other medical personnel in the field before and during
evacuation. Additional injections of the nerve agent
antidote(s) must be administered at the field MTF.

a. Atropine.  Atropinization should have been
achieved before the casualty is evacuated to an MTF;
if not, then atropine is administered as follows:

(1) MILD symptoms should be treated by
administering 2 mg of the atropine every 15 minutes
until signs of atropinization (dry mouth and skin, with
cleared pulmonary secretions) are achieved. Maintain
atropinization until muscarinic signs disappear.

(2) MODERATE symptoms should be
treated by administering 2 mg of the atropine ever
10 to 15 minutes until atropinization is achieved.
Maintain atropinization by injecting 2 mg of atropine
as often and long as needed.

(3) SEVERE symptoms should be treated by
administering 2 mg of atropine as frequently as
required until atropinization is achieved. Maintain
atropinization by injecting 2 mg of atropine every 10
to 30 minutes as long as needed.

NOTE
Smoking should be prohibited until the
symptoms of nerve agent poisoning have
subsided.

bh. 2 PAM CI. Specifically as an adjunct to
atropine, 2 PAM CI may be used to increase the
effectiveness of therapy in poisoning by some, but not
all nerve agents. An important facet of the activity of
2 PAM ClI In such therapy is the reduced duration of
required assisted ventilation.

(1) MILD symptoms should have been treated
by administering at least one 600-mg IM injection of
2 PAM CI.

(2) MODERATE symptoms should have
been treated by administering one or more 600-mg
IM injections of 2 PAM CI.

(3) SEVERE symptoms should have been
treated by administering three 600-mg IM injections
of 2 PAM CI. Repeat the dose at least every hour if
respiration has not improved. Generally, no increased
oxime benefit is obtained after three injections of 2
PAM CI.

c. Diazepam. Diazepam is used specifically as a
prevention of or treatment for convulsions in nerve
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agent poisoned casualties. If brain damage is to be
prevented in MODERATE to severe nerve agent
poisoned casualties, CANA must be administered
early.  Seizures should be anticipated in all
MODERATE to severe cases and treated with the
CANA and repeated as necessary.

2-16. Administration of Follow-on Medical
Treatment

The following medical treatment may also be ad-
ministered in a CPS or a clean (uncontaminated)
environment, depending on the patient’s needs. Modi-
fications of these procedures may be used in a con-
taminated environment although an increase in
exposure will occur. The alternative of not performing
these procedures is death of the patient.

a. Administration of Additional Atropine. For
patients who are in severe respiratory distress or are
convulsing, all three sets of their MARK | auto-
injectors should have been given. (Convulsions are
treated with diazepam, as described in ¢ below.) If
relief does not occur and bronchial secretions and
salivation do not decrease, administer additional
atropine as often as needed. In severe nerve agent
poisoning, the effect of each 2-mg atropine injection
may be transient, lasting only 5 to 15 minutes. There-
fore, these patients must be closely observed and
atropine repeated at intervals that relieve (or counter-
act) the muscarinic effects of the nerve agent and
maintain mild atropinization for as long as necessary.

b. Management of Bronchial Secretions and Sali-
vation. Patients having excessive airway secretions
and salivation (an indication for additional atropine)
should be lying on their side, with the foot of the litter
or bed elevated, if possible, to promote drainage. If
airway obstruction Is occurring, the collar should be
loosened, the tongue pulled out, and the saliva and
mucus cleared periodically from the mouth and
phargnx by suction. Then an oropharyngeal airway
may Dbe inserted and suction carried out intermittently,
as needed (through and around the airway). If, despite
concentrated efforts to carry out assisted ventilation,
the upper airway remains obstructed and adequate
exchange of air does not occur, insert an endotracheal
tube. High airway resistance because of bronchial
constrictions and secretions may be decreased with
the administration of additional atropine.

¢. Management of Convulsions. Severely poi-
soned casualties that develop convulsions usually
progress rapidly to unconsciousness and generalized
muscular weakness or flaccid paralysis, at which point
external evidences of convulsions cease.  Seizures
should be anticipated in all MODERATE to severe
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cases and expectantly treated with CANA/diazepam
and repeated as necessary. Seizing is a prominent
feature of nerve agent poisoning, especially GD.
Administer CANA until seizures are controlled.

d. Treatment of Ocular Symptoms.  Ocular
symptoms produced by local absorption of a nerve
agent do not respond to the systemic administration of
atropine.  However, minimal pain relief may be
obtained by the local instillation of atropine sulfate
ophthalmic ointment (1 percent), repeated as needed
at intervals of several hours for 1 to 3 days. If local
ocular effects of a nerve agent are present, the size of
the pupils cannot be used as an indicator of the
systemic effects of the nerve agent or the atropine.

e. Gastric Lavage. If water or food contaminated
with a nerve agent has been ingested, colicky abdomi-
nal pains, substernal tightness, increased salivation,
and perhaps nausea and vomiting will occur 1/2 hour
or later. If ingestion is known to have occurred, early
gastric lavage with water should be done.

f. Removal of Liquid Nerve Agent.Any liquid
nerve agent on the skin or in the eyes should be
removed immediately.

g. Assisted Ventilation. If respiration is severely
impaired or if it ceases after administration of atropine,

cyanosis will ensue and death will occur within
minutes unless immediate effective assisted ventilation
is begun and maintained until spontaneous respiration
Is resumed. Far forward in the field, a cricothy-
roidotomy is the most practical means of providing an
airway for assisted ventilation, using a hand-powered
ventilator equipped with an NBC filter.  When a
casualty reaches an MTF where oxygen and a positive
pressure ventilator is available, these should be
employed continuously until adequate spontaneous
respiration is resumed.  An endotracheal tube will
most likely be required.

NOTE

Treatment outlined in paragraphs 2-15 and
2-16 is based on the U.S. Army doctrine
on the use of the MARK I and CANA (di-
azepam). These procedures do not address
the uniqueness of other environments (such
as the threat in naval operations) where
alternatives may be more constrained,
requiring modification in the procedures.
Procedures to address these variations
should be issued by the services concerned
in accordance with their specific needs.

Section V. NERVE AGENT PYRIDOSTIGMINE PRETREATMENT

2-17. Purpose

a. This section prescribes the use of nerve agent
pyridostigmine pretreatment as an adjunct to the
MARK [. Studies in many different types of animals
indicate that when pyridostigmine is used in con-
junction with the MARK | (para 2-10 and app E), the
survivability of nerve agent J)oisoned casualties may
be enhanced. Also covered in this section are the
individual, unit, and command responsibilities for the
pretreatment regimen.

b. Animal data su&; est that any potential benefits
that may be derived from use of this pretreatment
regimen will be realized only in nerve agent poisoned
casualties who have been treated with the Mark | at
the time of nerve agent exposure, and who have taken
their pretreatment medication within 8 hours prior to
nerve agent exposure.

¢. Minimal detrimental effects are expected at the
recommended dosages. Adverse effects and contra-
indications are described in paragraph 2-22 below.

2-18. The Nerve Agent Pyridostigmine
Pretreatment Tablet Set

a. The Nerve Agent Pyridostigmine Pretreatment

(NAPP) Tablet Set (fig 2-2) contains the pretreatment

medication to be taken within 8 hours prior to

exposure to nerve agents at which time the MARK |

is used. The NAPP consists of a blister pack con-

taining 21 tablets. Each tablet consists of 30-m

pyridostigmine bromide. Each blister pack (NAPP()J

ﬁonta)ins enough tablets for 7 days (1 taken every 8
ours).

NERVE AGENT PYRIDOSTIGMINE PRETREATMENT
TABLET SET

(NAPP)

1. COMMENCE TAKING ONLY WHEN ORDERED BY YOUR COMMANDER.
2. TAKE 1 TABLET EVERY 8 HOURS AS DIRECTED.
3. [T IS DANGEROUS TO EXCEED THE STATED DOSE.

30-MG PYRIDOSTIGMINE BROMIDE X 21 TABLETS.

@ SAMPLE OUTER WRAPPER.

SAMPLE PYRIDOSTIGMINE BROMIDE TABLETS.

Figure 2-2. Nerve Agent Pyridostigmine
Pretreatment Tablet Set.

2-15
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b. Service members are initially issued one NAPP
when the chemical protective ensemble is expected to
be opened for use. They are responsible for carrying
the NAPP and safeguarding it against loss. Service
members will secure the blister pack in the sleeve or
breast pocket of the chemical protective ensemble (or
in another part of the ensemble, as directed by local
standing operating procedure (SOP)).

NOTE
In conjunction with the NAPP, service
members should be issued an additional
M291 Skin Decontaminating Kit (fig E-I).
The M291 kit will be carried in the pro-
geoctive mask carrier or as specified in unit
P.

¢. Orders to start taking the NAPP will be issued
by the proper authority within the chain of command.

d. Resupply will be provided by combat, combat
support, and combat service support units.

2-19. Effects of Pyridostigmine Bromide

a. Pyridostigmine bromide protects an enzyme
(known as acetylcholinesterase) in the body from the

NEUROMUSCULAR

NERVE

»
»

ELECTRICAL NERVE IMPULSE

NERVE IMPULSE RELEASES /
ACETYLCHOLINE

(CHEMICAL TRANSMITTER)

action of nerve agents. Muscles function as a result
of nerve impulses and the release of specific chemical
substances. A chemical transmitter, acetylcholine,
acts at the neuromuscular junction (where the nerve
interfaces with the muscle) (fig 2-3). When a nerve
impulse reaches the neuromuscular junction, ace-
tylcholine is released, thereby causing the muscle to
contract. The enzyme, acetylcholinesterase, stops the
action of acetylcholine on the muscle after the muscle
has contracted. Nerve agents block the acetylcho-
linesterase; there is an accumulation of excessive
acetylcholine at the neuromuscular junction resulting
in nerve agent poisoning and its accompanying symp-
toms. Pyridostigmine protects acetylcholinesterase
against nerve agents, thus preventing the accumula-
tion of excessive acetylcholine when the MARK | is
administrated.

b. Pyridostigmine is not a “true” pretreatment. A
true pretreatment would, by itself, provide some
protection against chemical agents. Pyridostigmine is
an antidote enhancer. Though NOT providing protec-
tion by itself, pfvridostigmine significantly ENHANCES
the efficacy of the MARK | within 1 to 3 hours after
taking the first tablet. Maximal benefit develops with
time and is reached when a tablet is taken every 8 hours.

| MUSCLE CONTRACTS AND ACETYLCHOLINE

IS INACTIVATED BY ACETYLCHOLINESTERASE

ACETYLCHOLINE CROSSES THE NEUROMUSCULAR
JUNCTION CAUSING MUSCLE CONTRACTION

Figure 2-3. Schematic neuromuscular junction (not to scale).
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2-20. Principles in the Use of the Nerve
Agent Pyridostigmine Pretreatment
Tablet Set

a. To be maximaIIY effective, one pyridostigmine
bromide tablet should be taken every 8 hours on a
continuous basis prior to exposure to a nerve agent
until all 21 tablets in the blister pack have been taken,
or the individual has been directed to discontinue
taking the medication. If pyridostigmine is to be
continued, another blister pack of the medication must
be issued. This regimen maintains an effective blood
level of the medication. If a tablet is not taken every

8 hours, the beneficial effect of pyridostigmine as a

pretreatment S|?n|f|cantly diminishes after 8 hours

from the last tablet.
b. The use of the pyridostigmine pretreatment
meAngc}?tlion does not change the administration of

NOTE
Do not attempt to give a NAPP tablet to a
casualty with nerve agent symptoms.

¢. At times a commander may have to make a
decision to defer administration of the NAPP on
schedule. Examples of this would be when service
members—

(1) Have experienced sleep deprivation. The
commander would have to decide whether the service
members should be allowed to sleep or be awakened
to take the pretreatment.

(2) Are in a contaminated environment. The
commander would have to decide whether or not to
delay administration of the medication until the unit is
safely out of the contaminated area (para d below). In
any case, the benefits versus the risks should be
carefully weighed before a decision is reached.

~d. When the order to take pyridostigmine has been
?lven, it should be taken as directed (para 2-21). As
ong as the environment is contaminated, it is desirable
to continue the (pretreatment. The pretreatment should
continue regardless of MOPP level since the protective
posture could be breached at an}/ time. Command
guidelines should be developed for situations such
as—

(1) Providing collective protection or rest and
relief shelters so that personnel can remove their
protective mask and take the tablets, or relocate small
groups to an uncontaminated area, if possible.

(2) Taking the tablets while in MOPP 4 would
be hazardous. ?Examples: Troops are operating at
night without lights or are in a chemical agent vapor
environment.) In either case it would be more ap-
Rroprlate_ to delay taking the medication for a few

ours until the tablets can be taken in a less hazardous
environment.

e. The NAPP should not be taken during preg-
nancy.

2-21. Administration of Pyridostigmine
Pretreatment in an Uncontaminated
Environment

One 30-mg tablet is to be taken by mouth, with

sufficient water to assist in swallowing the medication,

every 8 hours as directed by your commander. Ifa

dose is missed, do not make it up. Do not take 2

tablets at once because of a missed dose—merely start

again with 1 tablet every 8 hours. Taking 2 tablets at
once could result in adverse side effects. Taking more
than 1 tablet at a time DOES NOT provide additional
protection—in fact, it maybe more hazardous if there

IS exposure to a nerve agent.

a. When the order to take pyridostigmine pre-
treatment has been given, it should be taken as
directed, even though the protective mask is worn.

h. During hours of darkness while in an uncon-
taminated environment, the NAPP will be admin-
istered using the above schedule.

2-22. Signs and Symptoms of Pyridostig-
mine Bromide Overdose, Adverse
Reactions, and Contraindications

Although no detrimental effects are expected at the
recommended dosage, depending on the length of time
and the amount of medication taken, as well as
individual physiologic variations, some individuals
may have contraindications for taking pyridostig-
mine bromide while others may experience adverse
reactions.

a. Signs and symptoms of overdose, adverse re-
actions, or side effects are—

1) Abdominal cramps.

2) Nausea and vomiting.

3) Diarrhea.

4) Blurring of vision, miosis.

5) Increased bronchial secretions.

6) Cardiac arrhythmias, hypertension.

7) Weakness, muscle cramps, and muscular
twitching.

(8) Skin rash.

h. Since pyridostigmine bromide may increase
bronchial secretions and aggravate bronchiolar con-
striction, caution should be used in its administration
to personnel with bronchial asthma.

¢. Pyridostigmine bromide may cause urinary
obstruction.

d. Additional contraindications include hyperthy-
roidism, sensitivity to bromide, peptic ulcer disease,
and low serum acetglcholinesterase.

e. If any of the above signs/symptoms occur, the
service member should consult unit medical personnel
as soon as possible.
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2-23. Emergency Medical Treatment for
Pyridostigmine Adverse Side Effects,
Allergic Reactions, and Overdose

Ordinarily, discontinuing pyridostigmine should be

adequate to alleviate the signs and symptoms of

adverse side effects, allergic reactions, and overdose.

Pyridostigmine may persist in the blood for as long as

24 hours; however, after the blood level peaks in

about 4 hours, the effects of the medication diminish

gradually.

a. Emergency treatment for an overdose of pyri-
dostigmine requires the administration of atropine in
adequate doses to overcome the cholinergic crisis.
Initially, the 2-mg atropine autoinjector found in the
MARK I kit should be used. In most cases, this will
be sufficient. Further administration of atropine may
be necessary to control the cholinergic effects of
pyridostigmine.  If additional atropine is required,
2 mg should be administered by medical personnel
every 15 to 20 minutes, thereby permitting the pre-
vious injection of atropine to exert its anticholinergic
effect prior to the next injection.

b. SEVERE cases may require assisted ventilation
because of weakness, but would be unusual when the
pretreatment medication was administered every 8
hours as directed.

¢. When stabilized, the patient should be
evacuated for further observation and treatment.

2-24. Responsibilities
a. The corps/division/wing commander will-
(1) Decide whether to begin, continue, or
discontinue the administration of NAPP based on the
threat. The intelligence officer, chemical officer, and
the surgeon act as advisors to the commander in
making his decision if a chemical nerve agent threat
exists (for example, the enemy having nerve agents in
the combat zone or the probability of their uscg. After
3 days of self-administration of NAPP by the service
member, combat conditions should be reevaluated by
the commander and his staff to determinate whether
to continue the medication or not. However, orders
to discontinue the pretreatment CAN and SHOULD
be made at any time, depending on the situation. If
the pretreatment is to be continued, then a second
blister pack must be ordered while the service member
completes the administration of the 7 days (21 tablets)
and is issued the second pack on the 7th day. Admin-
istration of the medication beyond 14 days is not
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recommended without a thorough evaluation of the
situation and recommendation of the medical authority.
However, the magnitude of the threat may outweigh
any possible adverse side effects and indicate con-
tinuance of the pretreatment.

(2) Train the service members to faithfully
take the NAPP as directed to enhance their sur-
vivability if they are exposed to a nerve agent. Service
members must be trained to take the NAPP during the
day, at night, and while in MOPP 4, should these
procedures become necessary.

(3) Issue unit SOPs for the retention and
decontamination of the NAPP blister pack during

personnel  decontamination and overgarment
exchange.
b. Units will-

?1) Obtain the supplies of NAPP through
medical supply channels.

(2) Maintain at least a 2-week supply of NAPP
per member of the unit. One NAPP is issued to each
member of the unit. An additional week’s supply of
NAPP for each individual in the unit will be main-
tained in the unit area. Authorized quantities will be
commensurate with the latest doctrine for its use.

(3) Store the NAPP for individual issue and
request replacements as the items are issued, or as
they exceed their labeled shelf life. The NAPP should
be stored (refrigerated) in temperatures ranging from
350 to 46°F (2° to 8°C). If the medication is removed
from refrigeration for a total of 6 months, it should be
assgmed that it has lost its potency and should not be
used.

(4) Issue the NAPP to the service members
at the time the chemical protective ensemble is
expected to be opened for use.

¢. Unit medical personnel will—

(1) Recognize the signs and symptoms of
p%rldostlgmme overdose, adverse reactions, and side
effects (para 2-22 above) for determining, on an
individual basis, whether or not a service member is
to continue the NAPP based on any adverse reaction
to the medication.

(2) Advise the commander if any serious
problems occur.

d. The individual service member will—

(1) Take the NAPP as directed and in
al():cordance with the provisions of paragraph 2-20
above.

(2) Secure the NAPP against loss.
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CHAPTER 3
INCAPACITATING AGENTS

3-1. General

a. An incapacitating agent is a chemical agent
which produces temporary disabling conditions. The
disabling conditions persist for hours to days after
exposure to the agent (unlike that produced by riot
control agents, which usually are momentary or
fleeting in action). Medical treatment, while not
essential, may facilitate more rapid recovery. In the
narrower sense, the term “incapacitating agents” has
come to mean those agents that are—

(1) Hgghly potent gan extremely low dose is
effective) and logistically feasible.

(2) Able to produce their effects mainly by
altering the higher regulatory activity of the CNS.

(3) Temporary in duration of action lasting
hours or days, rather than of a momentary or fleeting
action.

(4) Not likely to produce permanent injury in
concentrations which are militarily effective.

b. Incapacitating agents are not considered to
include the following:

(1) Lethal agents, such as nerve agents which
are incapacitating at sublethal doses.

(2) Substances which cause permanent or
long-lasting injury, such as blister agents, choking
agents, and those Injuring the eyes.

(3) Common pharmaceutical substances with
strong CNS actions, such as the belladonna alkaloids,
tranquilizers, and many hallucinogens. These drugs,
although effective and relatively safe, are Io%istically
infeasible for large-scale use because of the large
amounts required.

(4) Agents which are transiently effective by
producing reflex responses interfering with duty per-
formance. These include vomiting and irritant agents.

(5) Agents which disrupt basic life-sustaining
systems and prevent physical activity. Examples
include agents which lower the blood pressure,
paralyzing agents (such as curare), respiratory
depressants, and agents that interfere with oxygen
transport.  Although theoretically effective, such
agents almost invariably have a low margiin of safety
between the effective dose and possible lethal dose.
Therefore, these agents defeat the basic purpose of an
incapacitating agent: to reduce military effectiveness
without endangering life.

¢. Despite restrictions imposed by the above
definition, a great variety of mechanisms remain by

which CNS regulation and maintenance of perfor-
mance could theoretically be disrupted. In reality,
however, only two general types of chemical agents
are likely to be encountered in military use.

(1) Central nervous system depressants.

(a) These compounds produce their
effects by interfering with information transmission
across central synapses. An example of this type of
agent is BZ (table 1-1? which blocks the muscarinic
action of acetylcholine, both peripherally and
centrally. The CNS anticholinergic compounds dis-
ruPt_the high integrative functions of memory, problem
S0 V|r(|jg, attention, and comprehension. A relatively
high dose produces toxic delirium, destroying the
individual’s ability to Berform any military task.

(b) Cannabinols and phenothiazine-type
compounds are potential incapacitating agents which
seem to act as CNS depressants. The primary effects
of these agents are to sedate and destroy motivation
rather than disrupt the ability to think.

(2) Central nervous system stimulants. These
agents cause excessive nervous activity by facilitating
transmission of impulses. The effect is to flood the
cortex and other higher regulatory centers with too
much information. This flooding makes concentration
difficult and causes indecisiveness and an inability to
act in a sustained, purposeful manner. A well-known
drug which appears to act in this manner is d-lysergic
acid diethylamide (LSD); similar effects are sometimes
produced by large doses of amphetamines.

3-2. Diagnosis

Current, field laboratory methods do not permit
isolation and identification of specific agents in the
environment or in samples of body fluid (for example,
blood, urine, cerebrospinal fluid). Therefore, diag-
nosis rests almost entlrelfy ngOI‘I chemical acumen,
combined with whatever fiel intelli?ence or detector
system data that may be available. Following a
suspected incapacitating agient attack, the medical
officer should take the steps listed below.

a. Instruct evacuation teams to transport casualties
to an uncontaminated area. After initial treatment,
resistant or disoriented individuals should be restrained
in the triage area.

h. Once the diagnosis of a nerve agent or other
lethal substance has been ruled out, the principal signs
and symptoms to consider are those shown in table 3-1.

3-1
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Table 3-1. Signs and Symptoms Produced by Incapacitating Agents

SIGNS AND SYMPTOMS

POSSIBLE ETIOLOGY

Restlessness, dizziness, or giddiness; failure to obey
orders, confusion, erratic behavior; stumbling or
staggering; vomiting.

Dryness of mouth, tachycardia at rest, elevated temperature,
flushing of face; blurred vision, pupillary dilation;
slurred or nonsensical speech, hallucinatory behavior,
disrobing, mumbling and picking behavior, stupor
and coma.

Inappropriate smiling or laughter, irrational fear,
distractibility, difficulty expressing self,
perceptual distortions; labile increase in pupil size,
heart rate, blood pressure. Stomach cramps and
vomiting may occur.

Euphoric, relaxed, unconcerned daydreaming attitude,
easy laughter; hypotension and dizziness on sudden
standing.

Tremor, clinging or pleading, crying; clear answers,
decrease in disturbance with reassurance; history of
nervousness or immaturity, phobias.

Anticholinergics (e.g., BZ), indoles (e.g., LSD), cannabinols
(e.g., marihuana), anxiety reaction, other
intoxications (e.g., alcohol, bromides, barbiturates,
lead).

Anticholinergics

Indoles (Schizophrenic psychosis may mimic in some
respects.)

Cannabinols

Anxiety reaction

¢. In a large-scale attack, the diagnosis will be
simplified by the epidemiological distribution of the
casualties. Look for characteristics common to all or
most casualties, rather than atypical features. For
example, some anticholinergics cause marked
disorientation, incoherence, confusion, and hallu-
cinations (the pathognomonic features of delirium)
with very little, if any, evidence of peripheral
autonomic effect (such as tachycardia and dilated
pupils). This should not dissuade the medical officer
from considering the likelihood of a centrally
predominant anticholinergic being the causative agent.
Very few other pharmaceutical classes can produce
delirium in militarily effective doses. The disturbance
produced by indoles (such as LSD) or the cannabinols
(such as marihuana extracts) is not really delirium.
Indole casualties remain receptive to their environment
and can comprehend quite well, even though they
may have great difficulty reacting appropriately.

3-3. Protection, Decontamination, and
First Aid

a. Protection. It is likely that such agents will be
dispersed by smoke-producing munitions or aerosols
and use the respiratory tract as the portal of entry.
The use of the protective mask is essential to prevent
inhaling the agent. ~ With some agents, the per-
cutaneous route may be used, thus MOPP 4 will be
required.

3-2

b. Decontamination. Complete cleansing of the
skin with soap and water should be accomplished at
the earliest opportunity. The M291 Skin Decon-
taminating Kit can be used (app D) if washing is
impossible. Symptoms may appear as late as 36 hours
after percutaneous exposure, even if the skin is washed
within an hour. In fact, a delay in onset of several
hours is typical. This time should be used to prepare
for the possibility of an epidemic outbreak 6 to 24
hours after the attack.

¢. First Aid. The most important considerations
are the following:

(1?] If the casualty is stuporous or comatose,
be sure that respiration Is unobstructed; then turn the
casualty onto one side to avoid aspiration in case
vomiting should occur.

(Zg If the body temperature is elevated above
102°F (39°C) and mucous membranes are dry,
immediate and vigorous cooling (as for heatstroke?(is
indicated. (Methods that can be used to cool the skin
are spraying with 72 to 75°F (22 to 24°C) water and
air circulation (fanning); applying alcohol-soaked
cloths and air circulation; and providing maximum
exposure to air in a shaded area, along with maximum
air circulation. DO NOT USE ICE FOR SKIN
COOLING.) Such cases are usually the result of
anticholinergic intoxication. Rapid evacuation should
be accomplished since treatment with appropriate
medication may be lifesaving.
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(32) Reassurance and a firm, but friendlgl,
attitude yPersonneI administering first aid will be
beneficial if the casualty appears to comprehend
what is being said. Conversation is a waste of time
if the individual is incoherent or cannot understand
what is being said. In such cases, the less said, the
better it is—these patients will benefit more from
prompt and vigorous restraint and evacuation to an
MTF

(4) Although anticholinergic poisoning may
produce alarming dryness and coating of the lips and
tongue, there is usually no danger of immediate
dehydration. In such cases, fluids should be given
sparingly—if at all—because of the danger of vomiting
and the likelihood of temporary urinary retention.
(Temporary urinary retention is due to paralysis of
the bladder smooth muscle.) Cleansing the mouth
with an astringent swab may be comforting and will
reduce the foul breath associated with membrane
parching.

(5) Weapons and other potentially harmful
items should be removed from the possession of
individuals who are suspected of being casualties. This
includes cigarettes, matches, medications, and small
items which might be accidentally ingested. Delirious
casualties have been known to attempt to eat items
bearing only a superficial resemblance to food.

3-4. Treatment

General treatment consists of close observation,
restraint and confinement (as required), supportive
care with fluids, and appropriate clothing. Underlying
medical problems should be identified and treated as
they would be ordinarily.

a. Anticholinergics.  Certain cholinesterase
inhibitors (such as physostigmine) are highly active
antagonists of the centrally active anticholinergics.
Neostigmine and ﬁyridostigmine are ineffective
because they lack the tertiary nitrogen required to
enable them to pass the blood-brain barrier. Treatment
with 2 to 3 mg of physostigmine salicylate IM will be
required to alleviate the condition. Repeated injections
at intervals of approximately 15 minutes to 1 hour
may be required to build up a sufficient level. Once a
desirable effect is achieved, it should be maintained
by slow intravenous (IV) injection or infusion. Doses
of 2 to 4 mg every 1 to 2 hours may be required. The
dose should be titrated against symptoms with gradual
tapering of the dose as the effect of the poisoning runs

its course. This may vary from a few hours to several
weeks.  Oral dosing should replace IV therapy as
soon as possible (2 to 5 mg every 1 to 2 hours).

NOTE
1. Phenothiazines and other sedatives
(such as chloral hydrate) will potentate the
effects of these depressant compounds and
are specifically contraindicated.

2. Anoverdose of physostigmine can
result in cholinergic toxicity up to and
including temporary apnea.  If apnea
occurs, assisted ventilation is indicated.
Small doses (0.5 mg) of atropine given
intravenously may be used to control less
severe symptoms of overdose. Since the
half-life of physostigmine is only about 30
minutes, overtreatment usually does not
require any additional therapy for
spontaneous recovery to occur.  Then
treatment can be resumed, using a slightly
smaller and less frequent dosage.

h. Indoles. No true antagonist to the indoles is as
yet known. The best treatment known at present for
LSD intoxication is the administration of diazepam
10 to 20 mg IV or IM to sedate the patient until
spontaneous recovery occurs. Chlorpromazine 50 to
100 mg IM injection has been suggested but does not
appear to have any advantage over these drugs.

¢. Cannabinols. Stimulants such as d-amphet-
amine (15 mg) can antagonize the sedation and
indifference induced by marihuana-like substances.
Although amphetamine may slightly potentate the
effects of LSD (if given to such individuals in error),
this is not a contraindication to its use if cannabinol
intoxication is suspected.

d. Other Agents. Unfamiliar agents or mixtures
of agents may be encountered on future battlefields.
In such instances, the general principles of restraint,
close observation, and supportive medical care apply.
No medication should be given until an etiological
diagnosis can be made with reasonable certainty—
unless circumstances require it (for example,
concomitant wounds, burns, or fractures requiring
major surtgical intervention). Theljudgment of the
medical officer remains the only useful guide to action
in these complex and unforeseeable circumstances.

3-3
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CHAPTER 4
BLISTER AGENTS (VESICANTYS)

Section I. INTRODUCTION

4-1. General

a. Blister agents (vesicants) are likely to be used
to produce casualties and to force opposing troops to
wear full protective equipment. Blister agents are used
to degrade fighting efficiency rather than to kill,
although exposure to such agents can be fatal.
Thickened blister agents will contaminate terrain,
ships, aircraft, vehicles, or equipment and present a
persistent hazard. Vesicants include sulphur mustard

H and HD), nitrogen mustards (HN), lewisite SL)
this may be used in mixture with HD), and halo-
genated oximes (example, phosgene oxime (CX)).
Halogenated oximes properties and effects are very
different from those of the other vesicants.

b. Vesicants burn and blister the skin or any other
part of the body they contact. They may act on the
eyes, mucous membranes, lungs, and skin; mustards
may act on blood-forming organs. They damage the
respiratory tract when inhaled and cause vomiting and
diarrhea when ingested.

c. Some vesicants have a faint odor; others are
odorless. The?/ often have more serious effects than
is immediately apparent. Both L and CX cause
immediate pain on contact. The mustards are insidious
in action, with little or no pain at the time of exposure.
In some cases, signs of Injury may not appear for
several hours,

d. Vesicants poison food and water and make other
supplies dangerous to handle.

e. Vesicants can be disseminated by artillery shell,
mortar shell, rocket, aircraft spray, and bomb.

f. The severity of a blister agent burn is directly
related to the concentration of the agent and the
duration of contact with the skin.

4-2. Self-Aid o _
a. Assume MOPP 4 whenever liquid or vaporized
agents are known to be present.

b. Liquid vesicants in the eyes or on the skin
require Immediate decontamination procedures as
outlined in appendix D.

4-3. Precautions in Receiving Casualties

a. Casualties contaminated with vesicants endan-
ger unprotected attendants. Individuals in contact with
these casualties must be at MOPP 4, plus wear a butyl
rubber apron.

b. Special precautions must be taken in receiving
contaminated casualties to prevent injury to others.
Contaminated casualties are decontaminated outside
the field MTF to prevent vapor accumulation indoors.
They are kept separated from clean (uncontaminated)
casualties until decontamination is completed. Con-
taminated litters, blankets, and equipment must be left
outdoors. Decontamination is necessary for equip-
ment, vehicles, watercraft, and aircraft that have been
used to transport contaminated casualties. Appendix B
contains further information on decontamination.

¢. Unhydrolyzed mustard on patients’ skin surface
can present a hazard to individuals receiving or treat-
ing these patients even after several hours. As mustard
reacts with skin and subcutaneous tissue, it is
hydrolyzed; however, the destroyed tissue becomes a
barrier for complete hydrolyzation of excess mustard
on the surface.

4-4. Protective Devices

a. The protective mask ﬁrotects only the face,
eyes, and respiratory tract. The mask protects against
both liquid and vapor forms of vesicants.

b. Chemical protective overgarments help prevent
the vesicant from reaching the skin.

4-5. Disposition of Casualties
See section V for disposition of casualties with blister
agent burns.

Section 1. MUSTARDS

4-6. Mustard (H and HD) _ o
a. Physical Properties. Mustard is an oily Ilcc?md
ranging from colorless, when pure (neat), to dark
brown when plant-run (unpurified form when first
producedT). Mustard is heavier than water, but small
droplets float on water surfaces and present a special

hazard in contaminated areas. It smells like garlic or
horseradish. Distilled HD, the most common form of
mustard, freezes at 57°F (14 °C%and boils at 442°F
(228°C?. It is only slightly soluble in water, which
gradually destroys it, but undissolved mustard may
persist in water for long periods. It is most soluble in

4-1
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fats and oils. It is freely soluble in acetone, carbon
tetrachloride, alcohol and liquid fuels (gasoline,
kerosene, and diesel); however, these solvents do not
destroy mustard. Mustard disappears from contami-
nated ground or materials through evaporation or
through hydrolysis. It is rapidly destroyed by decon-
taminating chemicals or by boiling In water. The
Brimary use of mustard is to cause delayed casualties

y the liquid and vapor effects on the skin and the
eyes and by the vapor effects through the respiratory
system.

b. Persistence. The persistence of hazard from
mustard vapor or liquid depends on the degree of
contamination by the liquid, type of mustard, nature
of the terrain and soil, type of munition used, and
weather conditions. Mustard may persist much longer
in wooded areas than in the open. Mustard persists
two to five times longer in winter than in summer.
The hazard from the vapor is many times greater under
hot conditions than under cool conditions. Standard
chemical agent detector kits should be used to detect
the presence of HD vapor in the field.

Click here for

4-2

¢. Cumulative Efect. Even very small repeated
exposures to mustard are cumulative in effect. For
example, repeated exposures to vapors from spilled
mustard can kill or produce 100 percent disability by
irritatin%the lungs and causing a chronic cough and
pain in the chest.

4-7. Effects of HD on the Eyes

a. Pathology, Symptoms, and Prognosis. In a
single exposure, the eyes are more susceptible to mus-
tard than either the respiratory tract or the skin.
Figures 4-1 through 4-4 show effects of mustard on
the eyes. Conjunctivitis follows an exposure time of
about 1 hour to a concentration barely perceptible by
odor. This exposure does not affect the respiratory
tract or the skin significantly. A latent period of 4 to
12 hours follows mild exposure, after which there is
lacrimation and a sensation of grit in the eyes. The
conjunctival and the lids become red and edematous.
Heavy exposure irritates the eyes after 1 to 3 hours
and Broduces some severe lesions. Although tempo-
rary blindness may occur, permanent blindness is very

Figure 4-1.
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rare. Casualties should therefore be reassured and a
positive attitude taken. Care must be exercised to
avoid transferring liquid agent from the hands to the
eyes. Mustard burns of the eyes may be divided as
follows:

(1) Mild conjunctivitis (75 percent of cases in
World War I). Recovery takes 1 to 2 weeks.

(2) Severe conjunctivitis with minimal corneal
involvement (15 percent of the cases in World War 1).
Blepharospasm, edema of the lids, and conjunctival
occur, as may orange-peel roughening of the cornea.
Recovery takes 2 to 5 weeks.

(3) Mild corneal involvement (10 percent of
the cases in World War I). Areas of corneal erosion
stain green with fluorescein.  Superficial corneal
scarring and vascularization occurs as does iritis.
Temporary relapses occur and convalescence may take
2 to 3 months. Hospital care is indicated for casualties
of this type.

&JIS Severe corneal involvement (about 0.1
percent of mustard casualties in World War 1).
Ischemic necrosis of conjunctival may be seen. Dense
corneal opacification with deep ulceration and vascu-
larization occurs. Convalescence may take several
months. Patients may be predisposed to late relapses.

b. Treatment.

(1) Self-aid.

(a) The risk of leaving liquid vesicant
in the eyes is much greater than the risk from exposure
of the eyes to vesicant vapors during the short period
of decontamination. Decontamination must, therefore,
be done despite the presence of vapor.

(b) Speed in decontaminating the eyes
Is absolutely essential. This self-aid procedure is very

Click here for

effective for mustard within the first few seconds after
exposure but is of less value after 2 minutes. Decon-
tamination is done the same as for other vesicants
(app D). : R
(2) Treatment of mustard conjunctivitis.

(a) Mild lesions require little treatment.
Although the lesions may become infected, a steroid
antibiotic eye ointment, such as dexamethasone sodium
phosphate-neomycin ophthalmic ointment, can be
applied. Ophthalmic ointments, such as 5 percent
boric acid ointment, will provide lubrication and
minimal antibacterial effects. The application of sterile
petroleum jelly between the eyelids will provide addi-
tional lubrication and prevent sealing of the eyelids.

(b) More severe injuries will cause
enough edema of the lids, photophobia, and blepharo-
spasm to obstruct vision. - This obstruction of vision
alarms patients. To allay their fears, the lids may be
gle_nély orced open to assure them that they are not

ind.

(¢) The pain is controlled best by sys-
temic narcotic analgesics. Patients with severe photo-
phobia and blepharospasm should have one drop of
atropine sulfate solution (1 percent) instilled in the
(ejye three times a day. To prevent infection, a few

rops of 15 percent solution of sodium sulfacetamide
should be instilled every 4 hours. Other antibacterial
ophthalmic preparations may be substituted for sodium
sulfacetamide.

(d) The eye must not be bandaged or
the lids allowed to stick together. Sealing of the lids
may be prevented as described in a above. The
accumulation of secretions in the conjunctival sac or
pressure on the eye predisposes to corneal ulceration.

Figure 4-2.
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Figure 4-3. Casualty showing eye effects of mustard vapor.

Figure 4-4. Casualty showing effects of mustard conjunctivitis.
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To prevent complications, the patient should be treated
by an ophthalmologist as soon as possible. When
possible, the patient should be kept in a darkened
room, given dark sunglasses, or given an eyeshade to
help his photophobia.

(3) Treatment of infected mustard bums of the
eye. Secondarﬁ infection is a serious complication
and increases the amount of permanent scarring of the
cornea. If infection develops, initial treatment should
be carried out with several drops of a 15 percent
solution of sodium sulfacetamide every 2 hours. After
appropriate cultures, specific antibacterial preparations
may be applied. Irrigation should be gentle and
employed only to remove accumulated exudate. Pain
Is controlled as described in (2) (c) above. Patients
with secondary infection or other complications should
be referred to an ophthalmologist. Local anesthetics
should not be used.

2(;:;.bCIassification of Eye Lesions. See paragraph

4-8. Effects of HD on the Skin

a. Pathology. The severity of the lesions and the
rapidity with which they develop are greatly influenced
by weather conditions as well as by the degree of
exposure. Hot, humid weather strikingly increases
the action of mustard.  Even under temperate
conditions, the warm, moist skin of the perineum,
external genitalia, axillae, antecubital fossae, and neck
are particularly susceptible.

(1) Latent [%eriod. Exposure is followed by a
latent period which varies with the degree of exposure.
It may be as short as an hour after liquid contami-
nation, when the weather is hot and humid, or as long
as several days after mild vapor exposures. With
most vapor exposures in temperate weather, the latent
period is usually 6 to 12 hours.

(2) Erythema. Erythema gradually appears
(2 to 48 hours postexposure) and becomes brighter,
resembling sunburn (figs 4-5 and 4-6). Slight edema
of the skin may occur. In severe burns, the edema
may limit motion of the limb. Itching is common and
may be intense. As the erythema fades, areas of
increased pifgmentation are left (this sequence is
reminiscent of that seen in sunburn).

(3) Vesication.  Except with mild vapor
burns, erythema is followed by vesication (figs 4-7,
4-8, 4-9, and 4-10). This is caused by progressive
development of liquefaction necrosis of the cells in
the lower layers of the epidermis. Exudation of tissue
fluid into the spaces so formed results in an intra-
epidermal vesicle. Clinically, multiple pinpoint lesions
may arise within the erythematous skin; these enlarge
and coalesce to form the typical blister (which 1s
unusually large, domed, thin-walled, yellowish, and
may be surrounded by erythema?. The blister is filled
with a clear or slightly yellow liquid that tends to

coagulate. The blister fluid does not contain mustard
and is not a vesicant. Liquid contamination of the
skin usually results in a ring of vesicles surrounding a
gray-white area of skin which, although necrotic, does
not vesicate.  As noted in paragraph 4-3 ¢ above,
unhydrolyzed vesicant on contaminated patients may
pose a hazard to other individuals coming in contact
with them.

Figure 4-5. Noncasualty with erythema.

(4) Resorption. If the blister does not rupture,
resorption takes place in about a week. The roof
forms a crust beneath which reepidermization takes
place. However, because of their thinness and
tenseness, the blisters are fragile and usually break.
If the roof becomes ragged, the burn may be con-
sidered an open wound. Once the blister has broken,
it is best to remove its ragged roof to decrease the
possibility of secondary infection.

(5) Healing. Since the damage to the corium
is relatively superficial, healing occurs with little scar
tissue formation, except in more extensive or infected
burns where scarring is more severe.

(6) Pigmentation. Mustard burns usually are
followed by a persistent brown pigmentation except at
the site of actual vesication, where there may be a
temporary depigmentation due to exfoliation of the
pigmented layers of the skin (figs 4-11 and 4-12).

(7) Hypersensitivity. Repeated burns may
lead to hypersensitivity of the skin to mustard.

b. Symptoms and Prognosis.

(1) An outstanding characteristic of the action
of mustard is its insidiousness. Exposures to mustard
are not accompanied by immediate symptoms, nor do
any local manifestations occur until erythema
develops. At this time there may be itching and mild
burning. This pruritus may last several days and
persist after healing. The blisters may be painful.

4-5
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Click here for Figure 4-6.

(2) Mustard erythema heals at about the
same rate as sunburn of like severity. Areas of
multiple pinpoint vesication usually heal, with
desquamation, in 1 to 2 weeks. Healing times for
mustard blisters vary widely with both severity and
anatomical location. In general, blisters of the
face heal in 1 to 2 weeks. Blisters located in other
areas may take slightly Ion?er to heal; but if protected
from infection, they will heal in 2 to 4 weeks. If
cutaneous injury results in full-thickness coagulation
necrosis, skin grafting may ultimately be necessary.
However, a mustard burn of the skin is usually
limited to the epidermis and does not require grafting
(fig 4-13).

(3) Moderate contamination of mustard skin
lesions with saprophytic bacteria, which causes no
apFreciabIe inflammatory reaction, does not seem to
delay the healing of mustard burns. Active infection,
with inflammation and purulent exudation, may
increase the severity of the lesions and delay healing
greatly (fig 4-14).

4-6

Click here for Figure 4-7.

¢. Diagnosis of Skin Lesions Due to Mustard.

Similar skin burns are produced by mustard and the
nitrogen mustards. Mustard burns are also similar in
appearance to those caused by arsenical vesicants.
Ditferentiation of mustard lesions from those produced
by arsenical is based upon—

1) History of exposure to mustard.

2) Absence of pain or discomfort at time of
contamination (L is irritating and immediately painful).

(3) A zone of erythema surroundinﬁ; blisters
(not predominant with arsenical). It should be re-
membered that vesicular lesions, much like mild
mustard burns, may be produced in sensitive in-
dividuals bx a variety of substances, notably plant
poisons such as poison ivy or poison oak. However,
the skin lesions of plant contact are on exposed skin
and linear in configuration. The earliest affected areas
of skin from mustard are the skin folds, groin, and
inner aspects of the extremities.

d. Decontamination of Casualties. Casualties who

have experienced liquid mustard contamination of the
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skin or clothing will seldom be received by the medical
service in time to prevent subsequent blistering.
Nevertheless, if erythema has not appeared, known or
likely contaminated skin areas should be decon-
taminated as described in appendix D. Cut away and
discard hair contaminated with liquid mustard.
Decontaminate the exposed scalp with the M291 Skin
Decontaminating Kit.  If short of these substances,
use 0.5 percent aqueous chlorine solution for
decontamination of skin and hair. Wash off the
decontaminating solutions promptly (within 3 or 4
minutes) to prevent additional skin injury, taking
care that none of the solutions wash into the eyes. If
erythema of the skin has apgeared, soap and water
is the best decontaminant. Contaminated clothing
should be removed promptly from casualties outside
the treatment facility to prevent more severe burns
and to lessen the vapor hazard to patients and
attendants.

e. Treatment of Mustard Erythema. Mustard
erythema in mild cases requires no treatment. If an

Click here for

4-8

annoying itch is present, considerable relief may be
obtained with topical steroid creams or sprays. Severe
erythema around the genitalia may become quite
painful and associated weeping and maceration may
ensue. Often, treatment with exposure of the area is
desirable and care must be taken so that secondary
infection of tissue does not occur.
f. Treatment of Mustard Blisters.

(1) Once blisters have broken, it is best to
remove its ragged roof to decrease the possibility of
secondary infection. Cleanse the area with tap water
or saline, then api)lg sterile petrolatum gauze when
the areas are small. Dressings should be changed and
the wound inspected every 3 to 4 days. Small blisters
on the face are opened and best left uncovered. Lar?e
blisters may best be treated by open methods. Apply
about one-eighth of an inch thick layer of 10 percent
mafenide acetate or silver sulfadiazine burn cream to
the blisters as a topical antibiotic agent. Figure 4-15
shows a casualty with widespread vesication caused
by mustard burns.

Figure 4-10.
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Click here for Figure 4-11.

(2) If the dressing sticks to the wound, care
will be necessary to avoid pulling off the top of the
blister. It is good practice to trim the edges of adherent
gauze, leave it in place, and put a fresh dressing over
It. If the wound needs to be examined, the dressing
may be soaked off with sterile saline.

g. Treatment of Denuded Areas.

1) Contamination of mustard burns with
saprophytic bacteria is common and unless careful
wound care is given, serious infection may result. If
there is no inflammatory reaction, the treatment is the
same as for uncontaminated burns. Figure 4-16 shows
burns produced by the reaction of mustard vapor with
sweat.

(2) Wounds which become infected must be
treated with appropriate antibiotics after adequate
cultures have been obtained. The medical officer must
evaluate the infection and make the appropriate
decision regardin%further care.

h. Specific Antibacterial Therapy. Routine wound
inspection aids in the early detection and institution of
appropriate therapy for any complicating bacterial
infections. Appropriate antibacterial drugs may be
given either locally or systemicall?/, as indicated. The
early use of an appropriate topical antibacterial agent
(such as mafenide acetate or silver sulfadiazine cream)
may prevent a bacterial infection.

4-9. Effects of HD on the Respiratory Tract
a. Pathology.

(1) Inhalation of mustard vapor causes
damage primarily to the laryngeal and tracheo-
bronchial mucosa. The lesion develops slowly after
exposure. A single exposure to a small amount of
mustard vapor ordinari % does not produce significant
injury.  Repeated or chronic exposure to low con-
centrations of mustard vapor may lead to progressive
pulmonary fibrosis, chronic bronchitis, and bron-
chiectasis. Moderate exposures result in hyperemia
of the respiratory mucous membrane and necrosis of
the lining epitheliums.  With severe exposures, the
necrotizing action is accompanied by exudation
resulting in a diphtheritic-like pseudomembrane, which
may form a cast of the tracheobronchial tree.

(2) In the more severe cases, the pulmonary
parenchyma shows congestion, mild patchy edema, and
focal atelectasis. Altogether, these changes may be
insufficient to cause hypoxia and the)é are frequentl
complicated by bacterial infection of the lungs, whic
results in suppurative bronchitis and bronchopneumonia.
The latter is responsible for almost all deaths following
vapor exposures.  The early mortality from mustard
among American troops in World War | (slightly more
than 2 percent) was due almost entirely to such pul-
monary complications following inhalation of vapor.

4-9
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Click here for Figure 4-12.

b. Symptoms and Prognosis. Respiratory tract
lesions develop slowly and do not reach maximal
severity for several days. Symptoms begin with
hoarseness, which may progress to loss of voice. A
cough (worse at night) appears early and later becomes
productive. Fever, dyspnea, rhonchi, and moist rales
may develop. The incidence of bronchopneumonia is
high. Convalescence is slow; the cough may persist a
month or longer. Milder symptoms, like hoarseness,
last only 1 or 2 weeks.

¢. Treatment of Respirator Tract Injury Due to
Mustard. Mild respiratory tract injury, with hoarse-
ness and sore throat only, usually requires no treat-
ment. Cough may be relieved by codeine-containing
cough syrups. Laryngitis and tracheitis may be treated
symptomatically with steam or sterile cool mist in-
halations. If more severe respiratory tract inJury IS
suspected, hospitalization may be advisable. If a
bacterial pneumonia occurs, isolation of the specific

4-10

organisms with their antibiotic sensitivities should be
performed, then antibiotic therapy can be limited to
the specific agents.

4-10. Systemic and Gastrointestinal Effects

of HD
a. Pathology.

(1) Ingestion of mustard produces vacuoles
and nuclear swelling of the epithelial cells of the
gastrointestinal tract, with eventual necrosis and des-
quamation with hemorrhage. Absorption of the mus-
tard from the intestinal lumen results in damage to the
blood-forming organs mentioned in (2) below.

(2) With lesser skin or respiratory exposures
to mustard, no apparent systemic lesions develop.
However, with amounts approaching a lethal dose,
Injury to the hematopoietic tissues ?bone marrow,
lymph nodes, and spleen) may result. Such hema-
topoietic damage is reflected in the peripheral blood
by leukopenia, thrombocyto,oenia, and anemia.
Lymphoid tissue is involved also, with consequent
lymphocytopenia.

b. Symptoms.

{1) Ingestion of food or water contaminated

by liquid mustard produces nausea and vomiting, pain,
larrhea, and prostration. Mustard vapor does not
significantly contaminate food or water.

(2) Exposure of only the skin to mustard may
cause systemic symptoms such as malaise, vomiting,
and fever, coming on about the time of onset of the
erythema. With severe exposures, particularIK by
extensive liquid contamination of the skin, these
symptoms may be so marked as to result in prostration.
Exceptional cases of severe systemic mustard poison-
Ing may also present central nervous symptoms (such
as cerebral depression) and parasympathomimetic
effects (such as bradycardia and cardiac irregularities).
(In animals, cerebral excitation and salivation have
been observed, as well as bloody diarrhea with ex-
cessive loss of fluid and electrolytes.) Hemocon-
centration and hﬁpovolemic shock may occur. It must
be emphasized that severe systemic effects only occur
when sufficient agent has been absorbed systemically.
Lesser mustard exposures do not cause severe systemic
effects.

¢. Prognosis.

(1) With mild to moderate field exposures to
mustard vapor, it is not anticipated that deaths will
occur from the systemic effects of the absorbed mus-
tard. However, death may occur from prolonged
exposures to high concentrations of mustard vapor or,
In instances of extensive liquid contamination of the
skin, where decontamination is neglected or unduly
delayed. The occurrence of shock or pronounced
leukopenia in these cases may be regarded as grave
prognostic signs. Bone marrow failure is the most
frequent cause of late deaths.
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Click here for Figure 4-15.

_ (2) Severe injury from ingestion of mustard
is rare.

d. Self-Protection. Never drink water which has
been subjected to chemical attack until it has been
certified as fit to drink by the Medical Department.
Never eat foods which have been exposed to liquid
vesicants, unless in sealed cans or aluminum-laminated
pouches (meal, ready to eat (MRE) pouches), until
examined by U.S. Army veterinary éaersonnel and
certified as safe to eat. Refer to FM 3-5, FM 8-10-7,
and TB MED 577 for additional information.

e. Treatment of Systemic Mustard Poisoning.

(1) In the treatment of systemic symptoms,
atropine subcutaneously (0. 4 to 0.8 mgi; NOT the 2
mg automatic injector) may prove useful in reducing
the ?astromtestinal activity. General discomfort and
restlessness may be treated with sedatives but may
also be a manifestation of h?/]povolemic shock from
severe systemic injury. In the exceptional cases of
severe systemic poisoning with vomiting and diarrhea,

4-12

leukopenia, hemoconcentration, and shock, every
effort should be made to maintain an adequate nutri-
tional status and to replace the loss of fluid and
electrolytes. There may be a need to monitor the
white blood count, hemoglobin, and platelets in severe
systemic poisoning. If the white blood count decreases
significantly, isolation and appropriate antibiotics may
be necessary. It has been suggested by some au-
thorities that sodium thiosulfate will prevent or re-
duce damage from mustard, provided that it can be
given IV within 20 minutes of exposure. Its efficacy
Is very doubtful if given later.

(22 Injury due to the ingestion of liquid mus-
tard in food or water may require morphine and
atropine for relief of pain and shock therapy for
collapse.

4-11. Nitrogen Mustards

The HNs are oily, colorless, pale yellow liquids,
sparingly soluble in water but freely soluble in organic
solvents. Some have a faint fishy odor, while others
are odorless. Their volatility varies with the particular
compound. All are persistent but not equally so. The
most likely to be seen are HN1 and HN3. Nitrogen
mustard (HN1) is more volatile and less persistent
than HD but only one-fifth as vesicant to the skin as
mustard. Nitrogen mustard (HN3) is less volatile and
more persistent and about equal to HD in its vesicant
effects. Nitrogien mustards are less readily hydrolyzed
than HD. All their hydrolytic products, except the
final ones, are toxic.

4-12. Effects of HN on the Eyes

a. Patholo%y and Symptoms. In single exposures,
HN irritates the eye in doses which do not significantly
damage the skin or respiratory tract. This irritation
appears sooner than that from HD. Mild or moderate
exposure causes light smarting and lacrimation within
20 minutes. Thereafter, symptoms may wax and wane
until the?]/ become persistent about 2 1/2 hours later
and reach the maximum in 8 to 10 hours. After more
severe exposure, symptoms begin immediately and
progress for 24 hours or longer. Mild exposure
produces erythema and edema of the palpebral and
bulbar conjunctival and superficial, steamy haziness
of the cornea. Irritation, lacrimation, deep eye pain,
miosis, and photophobia are usually present. After
more severe exposure, these symptoms are followed
by spotty hemorrhagic discolorations of the iris. The
corneal epitheliums shows a roughened, lusterless
surface, with areas of punctate staining demonstrable
by instilling fluorescein. Severe exposure may cause
the corned epitheliums to exfoliate. Slit lamp exami-
nations will reveal clouding and edema of the corneal
substance extending deep below the Bowman’s mem-
blrat?e. Local necrosis of the cornea may rupture the
globe.
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Click here for

b. Prognosis. The prognosis in contamination of
the eye with any liquid HN is serious unless the agent
Is removed by immediate decontamination.  Mild
injury progresses to complete recovery in about 2
weeks; severe injury requires 9 to 12 weeks or longer.
The cornea heals by vascularization, and scarringi ma
be expected in severe cases. The iris is frequently lert
discolored and atrophied.

c. Treatment. The treatment is the same as for
HD conjunctivitis (para 4-7 b (2)). In general, the
lesions and symptoms are more severe, requiring
intensive and early treatment. Spasms of the ciliary
and orbicular muscles may require frequent instillation
of atropine for relief of pain.

4-13. Effects of HN on the Skin

a. Pathology and Symptoms. In mild vapor ex-
posures, there may be no skin lesions. After severe
vapor exposure or after exposure to liquid HN, ery-
thema may appear earlier than in HD contamination.
There may be irritation and itching as with HD. Later,
blisters may appear in the erythematous areas. The
skin lesions are similar to those caused by HD.

Figure 4-16.

b. Prognosis. Prognosis is similar to that of HD
burns (para 4-8 b).

¢. Treatment. If early decontamination has not
been done, late decontamination should be ﬁ)erformed
even if erythema is already present and no liquid HN
is visible on the skin. The rate of absorption of liquid
HN through the skin is slower than that of HD.
Therefore, to Brevent systemic toxicity, decontami-
nation should be done as earl%/ as possible (within 2 or
3 hours alter exposure even it it increases the severity
of the local reaction).
4-14., Effects of HN on the Respiratory Tract

a. Pathology. The lesions caused by HN are
similar to those caused by HD. The lesions decrease
in severity down the respiratory tract from the point
of entry. In the nose, larynx, and trachea, there may
be swelling, erythema, and necrosis of the mucosa,
followed by sloughing and fibrinous exudation. Small
multiple ulcerations are commonly seen in the pharynx
and tonsillar areas. Laryngeal edema and necrosis
may lead to respiratory obstruction. In severe cases,
the damage may extend to the bronchiole and alveoli.

4-13
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Although pulmonary edema usually is not massive,
secondary pulmonary infection is common.

b. Symptoms. The symptoms are the same as those
due to HD; namely, delay in appearance, irritation of
the nose and throat, hoarseness progressing to loss of
voice, and a persistent cough. Fever, dyspnea, rhon-
chi, and moist rales may develop. Chemical pneu-
monitis may appear after the first 24 hours.

¢. Prognosis. Mild inflammation of the trachea is
likely to result in a persistent cough. Low-grade fever
may persist a week or longer. The prognosis is grave
If there is severe respiratory tract involvement. Late
deaths due to pneumonia may occur.

d. Treatment. The treatment of respiratory tract
involvement is the same as for HD (para 4-9 ¢).

4-15. Effects of HN on the Gastrointestinal
Tract

Following oral administration or systemic absorption,

HN injures the intestinal tract. The ingestion of 2 to 6

mg of HN causes nausea and vomiting.

4-16. Systemic Effects of HN

a. Pathology. The most specific effects of HN
are on the hematopoietic and lymphoid tissues. These
effects follow absorption from the intact skin, res-
piratory or gastrointestinal tract. In bone marrow,
the degenerative changes can be detected within 12
hours and may progress to severe aplasia. The
thymus, spleen, and lymph nodes involute rapidly,

with necrosis and phagocytosis of their lymphocytes.
This injury is demonstrable in the blood as a transient
leukocytosis of a few hours duration, followed by
severe lymphopenia, granulocytopenia, thrombocy-
topenia, and a moderate anemia. The blood picture
may show little change other than lymphopenia for 5
to 10 days after exposure, when the white count may
fall to 500 cells per cubic millimeter (mm’) or lower.
The various HNs differ in their ability to produce
these changes.

h. Diagnosis. Diagnosis is based upon a history
of exposure, a faint fishy odor on the skin and cloth-
ing, and the signs and symptoms described in para-
graph 4-15 and a above.

c. Prognosis.  Severe leukopenia, thrombocy-
topenia, and a hemorrhagic diathesis are grave mani-
festations.

d. Treatment. Frequent white blood cell and
hematocrit determinations and examination of pe-
ripheral blood smears are necessary to institute proper
treatment if anemia and thrombocytopenia occur.
Severe vomiting and diarrhea may necessitate IV
supplementation with balanced salt solutions or volume
expanders. Sedatives, opiates, and atropine are to be
used judiciously. The probability of infection with
severe leukopenia may be significant and isolation of
the patient to protect against infection is appropriate.
If infection does occur, 1t should be vigorously treated
with antibiotics.

Section I1l. ARSENICAL VESICANTS

4-17. Properties

a. These agents are organic dichloroarsines. The
main ones are phenyldichloroarsine (PD) and chloro-
vinyldichloroarsine ﬂ')' Ethyldichloroarsine and
methyldichloroarsine have also been used.

h. All arsenical vesicants are colorless to brown
liquids, soluble in most organic solvents but poorly
soluble in water. In general, they are more volatile
than mustard and have fruity to geranium-like odors.
They react rapidly with water to yield the corre-
sponding solid arsenoxides, with concurrent loss of
volatility and most of their vesicant properties. As
liquids the?/ radually penetrate rubber and most
impermeable tabrics.

¢. They are much more dangerous as liquids than
as vapors. The liquids will cause severe burns of the
eyes and skin, while field concentrations of the vapors
are unlikeg to cause permanent significant injuries.
Immediate decontamination is required to remove the
liquid agents in time to prevent severe burns, but
decontamination is not required for vapor exposure
unless pain is experienced. When inhaled, the vapors
cause sneezing and may produce irritation of the upper

4-14

respiratory tract. More significant respiratory injury
is unlikely from ordinary field concentrations of vapor.

4-18. Effects of Arsenical Vesicants on the
Eyes

a. Patﬁology, Symptoms, and Prognosis. Arseni-
cal vesicants cause severe damage to the eye. On
contact, pain and blepharospasm occur instantl?/.
Edema of the conjunctival and lids follows rapidly
and closes the eye within an hour. Inflammation of
the iris usually Is evident by this time. After a few
hours, the edema of the lids begins to subside, while
haziness of the cornea develops and iritis increases.
The corneal injury, which varies with the severity of
the exposure, may heal without residuals, induce
pannus formation, or progress to massive necrosis.
The iritis may subside without permanent impairment
of vision if the exposure was mild. After heavy
exposure, hypopyon may ensue, termmat_m% in necro-
sis, depigmentation of the iris, and synechia formation.
Arsenical vesicants instantly produce a gray scarring
of the cornea, like an acid burn, at the point of contact.
Necrosis and sloughing of both bulbar and palpebral
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conjunctival may follow very heavy exposure. All
injured eyes are susceptible to secondary infection.
Mild conjunctivitis duetoarsenical vesicants heals in
a few days without specific treatment. Severe ex-
posure may cause permanent injury or blindness.

h. Treatment. Treatment is largely symptomatic.
In severe cases, the systemic use of morphine may be
necessary for control of pain. When the conjunctival
edema subsides enough to permit ophthalmic exami-
nation, the cornea should be stained with fluorescein
to detect erosions, and the iris should be examined for
iritis. Atropine sulfate ointment should be instilled to
obtain and maintain good mydriasis in all cases with
corneal erosions, iritis, cyclitis, or with marked photo-
phobia or miosis. Sodium sulfacetamide solution may
be used to combat infection after the first 24 hours.
Sterile petrolatum applied to the lid margins will help
prevent their sticking together. Irrigations of the eye
should be sparing, employing only isotonic or slightly
h)g)ertonic solutions (example, 1 percent sodium chlo-
ride). Occlusive dressings or pressure on the globe
must be avoided.

4-109. E&fects of Arsenical Vesicants on the
in

a. Pathology. Liquid arsenical vesicants produce
more severe lesions of the skin than liquid mustard.
Contamination of the skin is followed shortly by
erythema, then by vesication which tends to cover the
entire area of erythema.  The surrounding halo of
erythema is less noticeable than with mustard blisters,
although the two are often indistinguishable. Micro-
scopicallﬁ, the blister roof is slightly thicker than the
mustard blister roof, consisting of almost the complete
thickness of the epidermis and showing more complete
coagulation necrosis and less disintegrative necrosis
than that of the mustard blister. The yellowish blister
fluid is slightly more opaque than that of the mustard
blister and, microscopically, contains more inflam-
matory cells. It contains a trace of arsenic but is
nontoxic and nonvesicant. Within the corium and
subcutaneous tissue, there is deeper injury to the
connective tissue and muscle, greater vascular
damage, and more severe inflammatory reaction than
is exhibited in mustard burns. In large, deep, arsenical
vesicant burns, there may be considerable necrosis of
tissue, gangrene, and slough.

b. Symptoms. Stinging pain is felt usually in 10 to
20 seconds after contact with liquid arsenical vesicants.
The pain increases in severity with penetration and in
a few minutes becomes a deep, aching pain. Pain on
contact with liquid arsenical vesicants usually gives
sufficient warning so that decontamination may be
begun promptly and deep burns avoided in conscious
victims.  After about 5 minutes of contact, there
appears a gray area of dead epitheliums resembling
that seen in corrosive burns. Erythema is like that

caused by mustard but is accompanied by more pain.
ltching and irritation persist for only about 24 hours
whether or not a blister develops. Blisters are often
well developed in 12 hours and are painful at first, in
contrast to the relatively painless mustard blister.
After 48 to 72 hours, the pain lessens.

¢. Prognosis. The erythema of arsenical vesicants
usually recedes more rapidly than the erythema of
mustard and with less pigmentation. Small blisters
heal in about the same time as those due to mustard.
Large lesions may involve deep injuries which heal
slowly and require skin grafts. After repeated burns,
sensitization to arsenical vesicants occurs, as with
mustard.

d. Treatment.

(1) Dimercaprol (British anti-lewisite (BAL))
ointment should be tried on contaminations of the skin
which are seen before actual vesication has begun.
Any protective ointment already on the skin must be
removed before application of the BAL ointment
because it destroys the latter. British anti-lewisite
ointment is spread on the skin in a thin film, rubbed in
with the fingers, allowed to remain at least 5 minutes,
and later washed off with water. Occasionally, BAL
ointment causes stinging, itching, or urticarial wheals.
This condition lasts only an hour or so and should not
cause alarm. Mild dermatitis may occur if BAL
ointment is frequently applied on the same area of
skin. Because of its dermatitis properties, BAL should
not be used as a protective (barrier) ointment on
unaffected skin.

(2) Some blistering is inevitable in most ar-
senical vesicant cases which come to the Medical
Services.  The treatment of the erythema, blisters,
and denuded areas is identical with that for similar
mustard lesions. A severe third degree burn involving
a large surface area is similar to a thermal injury and
must be managed by IV resuscitation to correct
potential hypovolemic shock. Morphine and splinting
of the affected parts may be necessary to relieve Bain.
Hospitalization is indicated when the involved body
surface area is greater than 20 percent. Hospitalization
may be indicated when the involved area is less than
20 percent but the depth of the skin involvement
appears to be significant. The wound is debrided and
treated with 10 percent mafenide acetate burn cream,
or silver sulfadiazine topical burn cream.

4-20. Effects of Arsenical Vesicants on the
Respiratory Tract

a. Symptoms. The vapors of arsenical vesicants
are so Irritating to the respiratory tract that conscious
casualties will immediately put on a mask to avoid the
vapor. No severe respiratory injuries are likely to
occur except amonP the wounded who cannot put on
masks and the careless who are caught without masks.
The respiratory lesions are similar to those produced
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by mustard except that, in the most severe cases, pul-
monary edema may be accompanied by pleural effksion.

h. Prognosis. The prognosis is unknown because
there have been no known human cases of poisoning
by vapors of arsenical vesicants. Extrapolating from
animal experiments, the prognosis probably is similar
to that for respiratory injury by mustard.

¢. Treatment. The treatment is a combination of
that for mustard respiratory injury (para 4-9 ¢) and that
for the systemic effects of arsenical vesicants (para 4-21 c).

4-21. Systemic Effects of Arsenical Vesi-
cants

a. Pathology and Symptoms.  Liquid arsenical
vesicants on the skin, as well as inhaled vapor, are
absorbed and may cause systemic poisoning. A
manifestation of this is a change in capillary per-
meability, which permits loss of sufficient fluid from
the bloodstream to cause hemoconcentration, shock,
and death. In nonfatal cases, hemolysis of erythrocytes
has occurred with a resultant hemolytic anemia. The
excretion of oxidized products into the bile by the
liver produces focal necrosis of that organ, necrosis
of the mucosa of the biliary passages with peribiliary
hemorrhages, and some injury of the intestinal
mucosa. (Acute systemic J)oisonmg from large skin
burns causes pulmonary edema, diarrhea, restlessness,
weakness, subnormal temperature, and low blood
pressure in animals (hypovolemic shock)).

b. Prognosis. Burns severe enough to cause shock
and systemic poisoning are life-threatening. Even if
the patient survives the acute effects, the prognosis
must be guarded for several weeks.

c. Treatment.

(1) Indications for treatment. The indications
for systemic treatment, following exposure to arsenical
vesicants by any route, are—

(a% A cough with dyspnea and frothy
sputum, which may be blood tinged, and other signs
of pulmonary edema.

(b) A skin burn the size of the palm of
the hand, or larger, caused by a liquid arsenical
vesicant which was not decontaminated within the first
15 minutes.

(c) Skin contamination by an arsenical
vesicant covering 5 percent (about 1 square foot) or
more of the body surface, in which there is evidence
of immediate skin damage (gray or dead-white
blanching of the skin), or in which erythema develops
over the area within 30 minutes.

&2) Types of treatment. The following two
types of treatment may be used:

(a) Local neutralization on and within
the skin by a liberal application of BAL ointment.
The affected skin is to be left covered with a layer of
ointment. Remove any other protective ointment
before treatment with BAL ointment.
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(b) Intramuscular injection of BAL in
oil (10 percent).

3) Dose of BAL in oil.

(@) An immediate IM injection of BAL
in oil (10 percent) is given deep into the muscles of
the buttocks. Take every precaution against injecting
into a blood vessel. Dosage must be adjusted to the
estimated weight of the patient (0.5 ml per 25 pounds,
up to a maximum of 4.0 ml) as follows:

125p0unds. ... 25ml
B0pounds. ... 30ml
15P0UNdS . ..o 35ml
200 poundsand over...............oiiin. 40ml

(b) Intramuscular injection of BAL in
oil should be repeated at different sites in the buttocks
at 4, 8, and 12 hours after the initial injection, for a
total of four equal doses.

(c) If pulmonary symptoms or other
evidence of severe arsenical poisoning are CFresent,
the interval between the first and the second dose may
be shortened to 2 hours. In severe cases, subsequent
half doses should be given at the rate of one injection
per day for 3 to 4 days.

(d) In toxic patients, liberal fluids by
mouth (or IV if necessary) and high-vitamin, high-
protein, high-carbohydrate diets are indicated. If
shock is present, the usual supportive measures (such
as IV administration of electrolyte solutions, blood
transfusions, or other vascular volume expanders) are
indicated.

(4) Symptoms caused by BAL in oil. Symp-
toms caused by BAL in oil appear 15 to 30 minutes
after injection and last about 30 minutes. Unless un-
duly severe or prolonged, they do not contraindicate
theI f(ljJ” course of treatment. The symptoms may
include—

A feeling of constriction in the throat.
A sense of oppression in the chest.
Burning sensation of the lips.

Mild lacrimation.

Slight reddening of the eyes.
Dryness of the mouth and throat.
Generalized muscular aching.
Abdominal pain.

e Mild to moderate tenderness and
increased muscle tonus at the injection site.

e  Mild restlessness and nervousness
with sweating of the hands.

° Aplprehension.
e  Mild nausea and vomiting on eating.
e A transient rise in blood pressure.

4-22. Mixtures of Blister Agents

Arsenical vesicants such as L or PD are often mixed
with mustard. These mixtures do not produce more
severe lesions than either agent alone, but tend to
confuse and make diagnosis difficult.
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Section IV. PHOSGENE OXIME

4-23. Properties

a. Phosgene oxime (CX) (chemical name
dichloroformoxime) is an example of the class of
chemical agents called urticants (or nettle gases).
These agents are primarily irritants to skin and mucous
membranes, but they differ from mustard by producing
an immediate sensation of pain. This pain may vary
from a mild prickling to a feeling resembling that
caused by a severe bee sting.

b. Phosgene oxime has a disagreeable, penetrating
odor. It may appear as a liquid or as a colorless, low-
melting point (crystalline) solid, readily soluble in
water.  Phosgene oxime has an appreciable vapor
pressure. A powerful irritant, it is especially effective
as a liquid.

4-24, Sxmptoms and Course of Lesions of
Phosgene Oxime

Phosgene oxime is violently irritating to the mucous
membranes of the eyes and nose. Even very low
concentrations of it can cause lacrimation.  An

exposure to liquid or vapor which produces pain will
also produce skin necrosis at the site of contact.
Within 30 seconds, the area of contact becomes
blanched and is surrounded by an erythematous ring.
This is followed by the appearance of a wheal within
the next half hour. At about 24 hours, the original

blanched area acquires a brown pigmentation. At 1
week, an eschar forms in the pigmented area; and at
about 3 weeks, the eschar generally sloughs. Itching
may be present throughout the course of healing.
Some 20 percent of those exposed to CX may be
expected to show healing delayed beyond 2 months.

4-25. Protection from Phosgene Oxime

A properly-fitting protective mask protects the
respiratory system. The field protective mask, hood,
gn((jal chemical protective overgarment protect the
ody.

4-26. Self-Aid

Because of the rapid reaction of CX with tissue,
decontamination will not be entirely effective after
pain has been produced. Use the M291 Skin De-
contaminating Kit for skin decontamination. If the
M291 kit is not available, flush the contaminated area
as rapidly as possible with copious amounts of water
to remove any CX which has not yet reacted with
tissue.

4-27. Treatment for Phosgene Oxime Injur
Treat as any other ulcerated necrotic skin lesion wit
due consideration of other supportive measures, as
indicated.

Section V. DISPOSITION OF PERSONNEL WITH BLISTER AGENT BURNS

4-28. General

a. Applicability. This information should be used
as guidance by medical personnel confronted with
casualties produced by blister agents. It assists medical
personnel In the forward area in the disposition, rather
than the treatment, of casualties. Therapy for blister
agent burns is given in Sections 1l through 1V.

b. Locations of Burns in World War | Allied
Troops. During 1917-1918, many Allied troops with
mustard burns were evacuate needlesslly from the
front lines. The analysis below shows the locations of
mustard burns among 6,980 cases from World War .
(The incidence of permanent blindness among the eye
cases was low.)

Location of burns Percent
BB 86
RESPIrAtOrY . ..o 75
SOrOtUM ..o 42
AR . 2
ANUS . oo i
LS 1
BULtOCKS .. 10
Hands. ... ... 4
T 15

c. World War 11 Experience. The effects of blister
agent burns on the ability of troops to carry out usual
military duties were investigated during World War
[I. In the United States, Canada, Great Britain, and
Australia, volunteers ranging from recruits to troops
with combat experience were exposed to blister agents.
The degree of disability was evaluated on assault
courses, route marches, or in simulated combat exer-
cises lasting several days. These observations defined
the limitations of casualty production according to type
of lesion and are the basis for this guidance. It should
not be considered an adequate substitute for clinical
observations of blister agent burns in the orientation
of medical personnel.

d. Types of Blister Agent Burns.

(1) Two broad types of blister agent patients
will not offer a problem in disposition.

() The first type consists of those who
have sustained burns too minor to impair military
effectiveness significantly. These individuals will be
classed as noncasualties and returned to their units as
soon as possible with or without treatment.

(b) The second type consists of the
totally disabled who are incapable of either offensive
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or defensive activity regardless of the ur?ency of the
military situations. These individuals will be classed
as casualties, promptly treated, and evacuated.
Examples are injuries causing total disability and
blindness, vesication of extensive areas of the trunk,
or vesication of an entire limb.

(2) The intermediate types are partially dis-
abled individuals who can perform only certain kinds
of military duties but not others. The disposition of
such cases is likely to constitute the main problem.
This section is confined to typical injuries within this
group. In disposing of these cases, the medical officer
will be influenced not onl?/ by the severity of the
lesions, but also by the military situation, plus the
general physical and mental condition of the individual
and his military occupational skill.

e. Differentiation Among Injuries According to
A%(fent. For simplicity, no effort is made here to
differentiate between the several blister agents that
may be used by an enemy. While there are differences
between the typical mustard and arsenical vesicant
lesions, it is not recommended that the medical officer
in the field try to dispose of such cases separately.
The diagnostic features of the various blister agent
lesions and the therapy peculiar to each are described
in Sections 11 through 1V.

4-29. Eye Injuries

a. Sensitivity to Mustard. The eye is more sensi-
tive and more vulnerable to the action of mustard than
any other part of the bodY. About 86 percent of the
mustard casualties in World War | had eye lesions to
some degree. Exposure for 2 hours to a concentration
of mustard, barely perceptible by odor, will produce
eye lesions but may not affect the respiratory tract or
the skin. There is no immediate symptomatic or local
reaction to the absorbed agent. A latent period (which
varies with the degree of exposure) precedes the onset
of symptoms. This period ranges from 4 to 12 hours
after mild exposure and 1 to 3 hours after severe
exposure.

b. Classification of Lesions of the Eyes. Eye
lesions produced by mustard are divided into the
following types.

(1) Mild. Of all the cases in World War I, 75
percent had mild burns of the eyes. The mild symp-
toms include itching, lacrimation, and a sensation of
grit in the eye, followed by burning and sometimes by
photophobia. ~ There is a hyperemia of both the
palpebral and bulbar conjunctival. The reaction in
the latter usually begins as a band-shaped area running
transversely across the eye with normal white bulbar
conjunctival above and below it. Edema of the lids
may also be present. Hospitalization is seldom re-
quired and recovery occurs in 1 to 2 weeks. Such
cases are not classified as casualties.

4-18

(2) Moderate.

(@) In this group there is complete
closure of the eyes from a combination of spasm and
swelling of the lids about 3 to 6 hours after exposure.
Blepharospasm and blurring of vision develop. There
Is marked hyperemia and edema of the conjunctival
with a prominent interpalpebral band, edema of the
lids, mild iritis, and edema of the epitheliums of the
cornea producing a roughened appearance like that of
an orange peel. The blepharospasm and edema of the
lids may be too severe to enable the patients to open
their eyes and, so, they may believe they are blind.
Miosis occurs early.

(b? A mucoserous discharge is usually
present and, although sterile in the early stage, it may
cause the lids to stick together, resulting in accumu-
lation of secretions in the conjunctival sac and pre-
disposition to infection. Personnel in this condition
are temporarily blind and will be evacuated as casu-
alties. Earl¥ and prolonged hospitalization is required,
with transter to the care of an ophthalmologist when
possible. Recovery occurs in 1 to 6 weeks, usually
without loss of vision. Return to duty will depend
upon the extent of residual corneal Injury, photo-
phobia, and blepharospasm.

(3) Severe.

(a) In this group the latent period is
short, lasting 1 to 3 hours. There is deep ocular pain
and headache, both of which may be severe, in
addition to severe blepharospasm and blurred or
dimmed vision. There is marked hyperemia and
edema of the conjunctival with a blanched area of
ischemic necrosis In the interpalpebral portion, che-
mosis, and edema of the lids, which the patient cannot
open. The epitheliums and stroma of the cornea are
damaged. Surface epitheliums is hazy in the early
stage and will stain extensively or, in a punctate
manner, with fluorescein within 24 hours. After 24
to 48 hours there is also edema of the stroma of the
cornea and a deeper haze becomes apparent. Iritis
and mucoserous discharge are also present. If the
damage is progressive, there may be dense corneal
opacification with deep ulceration and vascularization
from the limbus. The cases with corneal ulcer heal
slowly and may have relapses, some may present
perforations into the anterior chamber. These casu-
alties require hospital care and should be evaluated at
the earliest possible moment.

(b) Droplets of a liquid blister agent
contaminating the eye may produce similar effects.
One eye alone may be involved or may be affected
more severel?/ than the other. In contrast to droplets
of mustard alone, droplets of L or mixtures of L and
mustard cause immediate, painful spasm of the lids.

(c) In disposing of eye casualties,
medical officers must assure themselves that mild
symptoms will not develop into severe inflammation
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and temporary blindness within a few hours.  Ref-
erence to time of exposure and rate of development of
symptoms will guide them.  If the effects are in-
creasing rapidly, it is advisable to evacuate the case in
anticipation of development of disability within the
next few hours. Symptoms usually reach a maximum
within 6 to 12 hours following exposure.

c. Disposition.  The correct disposition of per-
sonnel with eye lesions caused by blister agents is less
of a problem to the medical officer than those with
lesions involving the trunk and limbs. Several hours
following exposure of the eyes to mustard, it may be
possible to determine whether personnel can remain
on duty or will require evacuation.

4-30. Effects on the Respiratory System

a. Circumstances of Exposure. Most respiratory
lesions are the result of prolonged exposure to rela-
tively low concentrations of vapor. Severe casualties
may result from unrecognized exposure to strong
concentrations of mustard vapor. A fatiguing effect
on the sense of smell may follow exposure to low
concentrations of mustard, thus minimizing detection.
Severe lesions occur in individuals who cannot mask,
such as unconscious casualties and those with severe
injuries to the face or upper extremities.

b. Latent Period. The effects of exposure upon
the respiratory tract are characterized by a long latent
period before the onset of symptoms, 18 to 36 hours
Intervening. Because the eyes are more sensitive to
the agent than the nasal mucosa but are exposed
simultaneously, respiratory effects should be expected
to follow vapor burns of the eyes (and face) in un-
masked personnel.

¢. Mucous Membranes. The local action of mus-
tard vapor on skin and eyes is matched by a similar
effect on the mucous membranes of the respiratory
tract. Most of the inhaled vapor is absorbed in the
larger respiratory passages, including the bronchi, and
very little remains to injure the pulmonary paren-
chyma.

d. Nose. In the nose the earliest visible effect is
hyperemia and edema of the mucosa. This is asso-
clated with a profuse, thin, mucopurulent discharge.
Degenerative changes in the epitheliums, varying in
degree according to the extent of exposure, range from
small discrete ulcerations to extensive sloughing.
Nosebleeding is rare.  Nasal injury seldom occurs
alone and, as such, is usually a cause for hospi-
talization.

e. Pharynx. Acute inflammation of the pharynx
usually appears 1 to 3 days after exposure to mustard
vapor, although there may be a delay of as much as
a week. There is mild dryness and soreness of the
throat, aggravated by swallowing but rarely accom-
panied by regional I?/mphatic enlargement. Pha-
ryngeal and laryngeal lesions may develop without

significant nasal involvement, especially in mouth
breathers. Upon inspection, the palate, uvula, tonsils,
and pharynx are swollen. Multiple whitish ulcerations
may appear, varying in size according to the severity
of exposure. Pharyngeal injury is unlikely to occur
alone. Secondary infection generally results in re-
gional adenitis.

f. Larynx. Laryngeal involvement commonly
results from inhaling mustard vapor, the lesions
resembling those of the pharynx.  Hoarseness,
sometimes progressing to loss of voice, may last 3 to
6 weeks, and in rare Instances, longer. This type of
lesion alone may not require hospitalization, but it is
almost invariably associated with more extensive
injury to the respiratory tract.

g. Trachea and Bronchi. In the trachea and
bronchi, a similar necrotizing and inflammatory pro-
cess follows contact with mustard vapor. The exu-
dative process results in the formation of a fairly thick,
tenacious pseudodiphtheritic membrane in the larynx,
trachea, and large bronchi. It may form a cast of the
involved parts sufficient to prove fatal. This condition
requires early hospitalization. Milder cases, however,
have small ulcerations with hyperemia and edema of
the mucosa and hypersecretion of mucous. Res-
piratory embarrassment, cough, tach?;pnea, and cya-
nosis are signs warranting prompt hospitalization.

h. Pulmonary Parenchyma. The action of mustard
on the lung may cause chemical pneumonitis.
Secondary Infection may lead to lobular or lobar
consolidation, the course being dominated by the
characteristics of the type of pneumonia. Injury due
to mustard in no way affects the treatment of the
secondary infection. Antibiotics and supportive meas-
ures should be used as appropriate.

4-31. Cutaneous Burns

a. Evaluation of Cutaneous Burns. The following
observations resulted from evaluation of lesions that
have most generally led to disability of personnel
exposed to blister agents during field trials and then
participated in simulated combat exercises, obstacle
course tests, and marches.

(1) Widespread vesication of the trunk pro-
duced casualties.

(52) Vesication localized in particular areas of
the body produced casualties.

3) Burns produced by high doses of the
blister atlgent vapor to masked personnel Hespecially in
tropical climates) cause severe casualties. These
casualties are produced partly by edema and vesication
of the skin and partly by constitutional reactions such
as nausea, vomiting, and prostration.

(4) Burns produced by doses of vapor low
enough to cause only such skin reactions as mild
erythema, edema, burning, and itching usually do not
produce casualties.
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(5) The stage of development of the lesion
must be considered when classifying an individual as
a casualty or noncasualty.

b. Trunk and Neck.

(1) Extensive vesication of the trunk. All the
cases considered under this heading should be evacu-
ated promptly. _ o

a) Extensive vesication may occur over
a Iar%e part of the trunk. Intervening areas of skin
may be erythematous with pinpoint vesication. These
burns are more likely to occur on the back than
anteriorly. Some protection is afforded anteriorlﬁ by
equipment such as webbing and ammunition pouches.
The front of the uniform also gives some anterior
protection because it does not cling to the body.

(b) Extensive vesication may be follow-
ed by fever, nausea, and vomiting. These conditions
tend to occur more readily in tropical climates.

(c) Secondary bacterial infection may
complicate the clinical course. The medical officer in
a forward position is not likely to see infection of
vesicated areas because such cases will have been
evacuated before secondary infection develops.

(2) Localized vesication of the trunk.

(a) Vesication occurring within the natal
cleft (between the buttocks) usually requires evacu-
ation of the casualty. Walking becomes difficult,
defecation is painful, and dressings require frequent
changing. The lesion is usually most intense at the
upper end of the cleft. Vesication of the buttocks
usually results from sitting on contaminated ground or
wearing contaminated trousers for prolonged periods.
The vesicated area may extend forward across the
perineum to involve the scrotum and the Ioenis.

(b) Trivial burns, such as mild erythema
affecting the natal cleft, are not of casualty severity.
However, these burns require careful attention because
walking or running aggravates the lesions and may
break down injured skin.

(c) Sin?le discrete blisters on the buttocks
away from the natal cleft do not produce casualties.

(d) Blisters on the trunk generally re-
quire protective dressings to avoid friction of clothing.
Medical officers must decide whether or not dressings
should remain in position during regular duty.

¢. Burns Caused by High Doses of VVapor. After
exposure to a high dose of mustard vapor, especially
under tropical conditions, nausea, vomiting, and symp-
toms of collapse are usually evident before erythema
completely develops. It is important to note that this
occurs also among personnel who are masked during
exposure. Constitutional symptoms may persist sev-
eral days, during which burns will increase in severity.
Cases of this type should be classed as casualties.
Severe vagor burns of the trunk give a generalized
erythema but include pale gray areas that eventually
vesicate or become necrotic. It is common to see
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patches of unaffected skin as a result of protection by
overlying equipment.

d. Burns Caused by Low Doses of Vapor. Mild
vapor burns cause erythema, itching, and irritation
but do not produce casualties. The medical officer
should always consider the interval after exposure in
relation to the severity of the burn. Mild lesions may
reﬁresent early phases of severe exposure to vapor.
When the period of lapse since exposure is uncertain,
rapid development and presence of constitutional
symptoms may help to determine the severity.

e. Sensitization Due to Multiple Exposures to Mustard.

(1) Watch for the characteristic appearance
of “reexposure” burns. This manifestation may occur
in individuals as a result of exposure to mustard 1 to 3
weeks (or more) previously. A small percentage of
these casualties will become sensitized to the agent
and will react differently, both qualitatively and quan-
titatively, upon reexposure.

2) Sensitization will be followed by a more
rapid onset of symptoms upon reexposure. Erythema,
with or without edema, and pronounced itching and
burning usually appear within 1 hour. Lower con-
centrations of mustard are required to produce effects
in a sensitized individual than in a nonsensitized.
When erythema and edema result from exposure to a
low dose, they generally develop rapidly and subside
within 2to 3 dréys. Also, vesication heals more rapidly
in the sensitized individual.

(3) One of the most frequent manifestations
of reexposure in sensitized ﬁersonnel is the develop-
ment of a morbilliform rash. Another characteristic
reaction is the appearance of eczematoid dermatitis
surrounding old lesions, whether or not they are
healed. This may last for several days and resembles
dermatitis venenate (from ﬁoison ivy&. Similar phe-
nomena due to sensitization have been known to occur
with L and with the nitrogen mustards.

f. Arms.

(1) After treatment, most service members
with blister agent injuries of the arms are permitted to
continue with their duties. Vesication, when localized,
produces little or no disability.

(2) Extensive vesication involving the axillae
and the elbows, volar or dorsal aspects, partially
impairs the movement of the limbs at those joints.
Edema of the surrounding tissue tends to further
immobilize the extremities. The dorsal aspects of the
elbow and forearm are common sites of severe burns
because these parts touch contaminated ground when
service members are firing in the prone position.
Cases of this type should be evacuated.

(3) Widespread vesication of the arms results
in partial disability. Cases of this type should be
evacuated.

g. Hands.

(1) Blister agent burns of the hands are often
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encountered. These burns tend to cause a degree of
disability out of proportion to the size of the lesions.
Considerable care and judgment are required in correct
disposition.

(2) The loalms are more resistant to vesication
but not entirely.  Blisters affectin%the palms are
characteristically painful and slow to heal.

(3? A solitary lesion of limited extent may
result in little or no disability if treated properly.

(4) Burns from liquid vesicant on the dorsum
of the hand result in severe local reactions charac-
terized by intense edema of the backs of the hands and
fingers. Pain is characteristic and is intensified by
movement of the fingers or wrist. These cases should
be regarded as casualties. An individual exposed
within the previous 24 hours and reporting for treat-
ment, with apparently tribal blisters, may be totally
incapacitated the following day. Sharp erythema of
the dorsum of the hand, with beginning vesication 12
to 24 hours after exposure, indicates a lesion that will
progress to extensive vesication and edema. Under
such circumstances, the individual should be evacuated
when first seen.

(5) More commonly, the lesions consist of
scattered small vesicles and limited areas of erythema.
These lesions can be protected satisfactorily and the
individuals returned to duty.

(6) Exposure to vesicant vapor produces dif-
fuse erythema of the dorsum of the hand and wrist.
Higher doses cause edema and vesication as well;
cases of this type require evacuation.

h. The Lower Extremities.

(1) When the lower extremities are involved,
the knees are the most common sites of burns from
Ii?uid vesicant. These lesions and those of the ankles
often result in incapacitation by interfering with
locomotion. Movement of the joints tends to aggravate
existing lesions by increasing edema. A further
disabling factor is Introduced by the wearing of firm
dressings applied to mobile joints.

(2) Vesication often spreads over the knee-
caps, upward onto the thighs, and down toward the
feet.  These burns tend to be extensive and are
associated with edema often extending halfway up on
the thigh and down the leg. Medical officers should
evacuate casualties presenting such lesions.

(3) In general, burns of the leg are more
incapacitatin%than burns of the thigh.

(4) 1t has been shown that the presence of
many superficial blisters on the legs and thighs alone
IS not enough to make a service member incapable of
carrying out routine military duties. Individuals with
such lesions, having protective dressings, were able
to take part in daily marches and routine gun drills.
In disposing of these cases, the medical officer will
consider the mental and physical status of these indivi-
duals, their motivation, their military occupational

specialty, and the tactical situation at the time. Such
cases are in the category of partial disability. After
suitable dressings have been applied, service members
with high morale and robust physiques may be re-
turned to duty.

(5) A relatively small blister or group of
blisters situated in the popliteal area may reduce the
efficiency of service members so much that they may
require evacuation. This is due to aggravation of the
lesions by movement of the limbs and interference
with ambulation. However, blisters affecting this area
are not necessarily casualty producing. (Inflammation,
edema, infection, and lesions on other parts of the
body should be considered when deciding upon the
disposition of an individual.? Available evidence
indicates that the mustard blister, size for size, is
potentiall?/ more incapacitating than a blister from L.
This results from the tendency of mustard blisters to
be associated with erythema and edema, while the L
blisters usually cause less local reaction.

(6) Vesicant lesions develop also near the
ankles at the tops of the shoes. Blistered areas oc-
curring at such unprotected points are associated with
severe pain due to circulatory impairment and tense
edema of the leg. These cases should be evacuated.

(7) Vapor burns of the legs tend to be most
aggravated in the popliteal spaces. Pinpoint vesication
is often found here. Higher doses cause intense
erythema with scattered areas of vesication over the
entire surfa