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INTRODUCTION

Decontamination is the process of removing or
neutralizing hazardous substances from people, equip-
ment, structures, and the environment."” This chapter
focuses on the safe decontamination of medical casual-
ties exposed to chemical agents; however, the patient
decontamination process discussed here also is appro-
priate for those exposed to biological and radiological
hazards (although procedures, operator protective
ensemble, and detectors may vary slightly).

Decontamination performed within the first few
minutes after exposure is the most effective for protect-
ing the patient, although later skin decontamination,
which can benefit the patient by reducing the agent
dose, should not be ignored. Early skin decontamina-
tion can often mean the difference between patient
survival (or minimal injury) and death (or severe
injury). Patient decontamination serves two primary
purposes: (1) protecting the casualty by removing
harmful agents from the skin, thus reducing the dose
and severity of the agent’s hazardous effects, and (2)

protecting emergency responders, transport personnel,
medical personnel, and other patients from second-
ary exposure. Cross contamination from dry or liquid
agent on the patient’s clothing or skin can sicken others
or make equipment temporarily unusable. Cloth fibers
can hold agent liquid and vapors. The off-gassing of
liquid contaminants, or vapor trapped in clothing and
hair, can cause those who work near the casualty to be-
come symptomatic if they are not wearing respiratory
protection. Often removing clothing and brushing the
hair greatly reduces the level of contaminant carried
on the patient; in some instances, these actions are the
only necessary decontamination.

Contaminated persons who present for decontami-
nation may additionally have conventional wounds,
psychological stress reactions, physiological reactions
to heat or cold, or any combination of these. Persons
wearing individual protective ensemble (IPE) are
particularly prone to heat injuries caused by extended
time in this gear.

MILITARY AND CIVILIAN DECONTAMINATION PROCEDURES

The decontamination of chemical casualties is a
challenging task that may require large numbers of
personnel, water and equipment resources, and time.
Casualty decontamination takes place at all levels of
patient care, from the exposure site to the door of the
medical treatment facility (MTF). In the military, there
are three levels of patient decontamination (these same
processes may differ in the civilian sector):

1. Immediate decontamination is conducted by the
individual exposed to the agent, or another
individual (a buddy), who comes to assist
the victim, as soon as possible after exposure.
Ideally it is performed within minutes after
exposure. The individual decontaminates
exposed skin and garments using a military
decontamination kit. If a kit is not available,
any material, dry or wet, that can be applied
or used to physically remove agent from the
skin is beneficial. This process is very effec-
tive in reducing the hazard posed by agent on
the skin, particularly if IPE is already being
worn.

2. Patient operational decontamination is carried
out by members of the individual’s unit to
prepare the individual for transport. At this
level the casualty is kept in IPE, from which
any large concentration of agent is removed.
The casualty is placed on a litter covered
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with plastic and loaded into a transport ve-
hicle dedicated to evacuating contaminated
patients. Evacuation vehicles are kept well
ventilated, and crew members wear protec-
tive ensemble. Operational decontamination
helps to reduce the level of contamination
on the patient, thereby reducing the level of
cross contamination to the transport vehicle.
This level of decontamination allows for
large numbers of contaminated casualties to
be quickly evacuated to patient decontami-
nation facilities that are prepared to handle
them.

3. Patient thorough decontamination is performed
outside the MTF that receives the contaminat-
ed patients. At the decontamination station
the patients’ clothing is removed and their
skin and hair are thoroughly decontaminated.
It is critical that patients are prevented from
entering a medical facility until patient thor-
ough decontamination has been conducted.

In civilian industry, workers are usually trained in
self-decontamination methods pertinent to the haz-
ards for that setting. In a civilian or homeland defense
scenario, however, immediate decontamination by
the victims themselves may not be possible because
they may not have access to decontaminants or know
what to do. Immediate decontamination in a civilian



setting is often referred to as emergency decontamina-
tion, self decontamination, or buddy rescue. The first
decontamination in the civilian setting may not occur
until a fire department decontamination unit arrives.
Patient operational decontamination might not readily
apply in the civilian setting because private ambulance
services may refuse to accept contaminated patients
and civilian patients do not have IPE.

Individuals who escape the scene of the release
before the arrival of the first responders may manage
to access transportation while still in contaminated
clothing. This was the case during the Tokyo subway
sarin attack, in which many victims either walked
or took taxis to hospitals.* Otherwise, contaminated
individuals must be moved to a decontamination
station established by the fire department or set up at
a hospital for patient thorough decontamination. De-
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contamination stations near the incident site are often
referred to as mass casualty decontamination stations
or gross decontamination areas.>” Victims might also
be moved to a water source, such as a hose or shower,
for buddy decontamination. Because fleeing casualties
might bypass decontamination, or responding fire
departments may fail to perform adequate decon-
tamination, it is important that every hospital has the
capability of establishing its own patient thorough
decontamination area outside its entrance.

Since the events of September 11, 2001, military and
civilian agencies have sought to improve their patient
decontamination capabilities.® Industry has responded
with a wide array of decontamination equipment and
materials for simplifying this process. Civilian and
military sectors are now much better prepared for the
challenges of patient decontamination.

ACTION OF CHEMICAL AGENTS ON THE SKIN

Crone described the function of the skin as a barrier
and the possible effect of chemical agents on tissues:”®

The skin consists of a number of layers of living cells
of varied function bounded on the outside by a thin
layer of dead cells, the stratum corneum. This layer
is the main diffusion barrier to the entry of foreign
substances. The blood supply to the skin does not
reach directly to the epidermis. Therefore, a liquid
contacting the skin surface first has to penetrate the
stratum corneum, and then diffuse through the largely
aqueous medium of the cell layers to the nearest blood
capillaries, from whence it is carried round the body.
There is opportunity for a chemical to be bound to
the outer skin layers, so that further delay and stor-
age can occur.”

Chemicals that act directly on the skin, such as
sulfur mustard, need little penetration for their ef-
fects to begin; they act directly on the integrity of the
skin cells. This same process occurs with other highly
reactive chemicals such as acids and alkalis. More
systemically acting chemicals, such as nerve agents,
may need to cross the skin barrier before they can affect
body systems. Generalizations about the permeability
of skin are often inadequate.® The skin is not a simple
system, and its permeability depends on many fac-
tors including temperature and the skin’s thickness,
integrity, and hydration.

The stratum corneum retains moisture and provides
a barrier to outside hazards. This barrier is very effec-
tive against water-soluble chemicals. However, it is
more permeable to fat-soluble (lipophilic) chemicals
because of the layers of lipids in the epidermis that
underlie and surround the keratinized dead skin

cells making up the stratum corneum.®* When trac-
ing agent progress from the surface of the skin to the
bloodstream, three skin “compartments” must be
considered: (1) the outer application layer, where the
agent lies on the skin; (2) the boundary layer, where
the agent is moving through the skin; and (3) the area
where a dermal reservoir of agent that has diffused
into the lipid area of the stratum corneum may form.’
Rapid decontamination seeks to prevent large doses
of agent from penetrating to the lipid area of the stra-
tum corneum and subsequently into the circulation.
Later decontamination seeks to remove any agent that
remains on the surface of the skin.

A liquid chemical warfare agent (CWA) is often
thought to be accessible on the surface of the skin for up
to 3 minutes, taking approximately 30 minutes for the
agent to cross the skin barrier and enter the capillaries.
Some of the hazardous agent is likely to be temporarily
sequestered in the skin during this transit. According
to Buckley et al,'’ inappropriate skin treatments could
theoretically aid in the dermal transit of agent, and the
resulting store of hazardous agent could potentially
make the situation worse for the victim."

Most CWAs (particularly VX and mustard) are
moderately fat-soluble, enabling them to be absorbed
through the stratum corneum over time. Lipid-soluble
chemical agents move quickly throughthe lipids sur-
rounding the cells in the stratum corneum and then
more slowly into the hydrophilic (water-soluble)
bloodstream.

Contact time, concentration, solubility, temperature,
hydration state, and physical condition of the skin are
all factors that affect the absorption of agent through
the skin’s epithelial layer. Vascularity of tissue plays an
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important part in the rate at which agents access the
bloodstream and act systemically on the body. Studies
by Lundy et al'' administering VX dermally to juvenile
male Yorkshire-Landrace cross pigs and earlier experi-
ments on dermal VX exposure on human subjects by
Sim'? showed that skin that was highly vascularized

led to more rapid systemic agent effects as indicated by
reduced levels of acetylcholinesterase. Sim’s study also
noted that VX spread thinly over areas of the skin had
much less of an effect on acetylcholinesterase, a reduced
systemic effect, than the agent concentrated in one area,
which increased the penetration rate (see Exhibit 16-1).

BARRIER SKIN CREAMS

History

Improving the skin as a barrier to chemical agents
has been a concern since at least World War I, when
sulfur mustard (HD) was first used in warfare. Ap-

EXHIBIT 16-1
VX STUDIES

Lundy et al' conducted a study in which 31 Yorkshire-
Landrace cross pigs were exposed to pure liquid VX,
and VX in isopropyl alcohol. Both of these exposures
were at the calculated median lethal dose. In some
animals the nerve agent was placed on the ventral
surface of the ear (thin tissue with generous blood
flow), and on others the agent was placed on the
belly just above the naval (thicker tissue with a less
pervasive blood flow). Liquid agent absorption was
measured by blood cholinesterase inhibition. Those
swine with VX applied to the ear showed more
than 90% cholinesterase inhibition within 45 min-
utes, resulting in apnea (within 2 hours) requiring
ventilatory assistance thereafter and death within
45 minutes after ventilatory support was initiated.
Those animals with belly VX exposure showed only
75% cholinesterase inhibition within the 6-hour
timeframe of the experiment, but developed the
same progression of symptoms requiring venti-
latory support. In neither case were the animals
provided with antidotes within the time period
that would have slowed or ameliorated the effects.
This study demonstrates, in part, that death from
liquid VX can be delayed by up to several hours
depending on a variety of factors, one being the
specific body area exposed. Earlier human studies
by Sim” also show the variable and delayed effects
of exposure to liquid VX.

Data sources: (1) Lundy PM, Hamilton MG, Hill I, Conley J,
Sawyer TW, Caneva DC. Clinical aspects of percutaneous poi-
soning by the chemical warfare agent VX: effects of applica-
tion site and decontamination. Mil Med. 2004;169:856-862. (2)
Sim VM. VX Percutaneous Studies in Man. Aberdeen Proving
Ground, Md: US Army Chemical Research and Development
Laboratories; 1960. Technical Report 301.
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plying a topical protectant to vulnerable skin surfaces
before entry into a chemical combat arena was pro-
posed as a protective measure against percutaneous
CWA toxicity soon after Germany used HD at Ypres,
Belgium, in 1917.” The US Army began examining
various soaps and ointments for protective capabilities
in the summer of that year. Although several simple
formulations were found to be effective in reducing
“skin redness” produced by agents such as hydrogen
sulfide, no product was available before the end of
the war.”” Research continued but did not produce
a fielded product before World War II began. Dur-
ing World War II, a concentrated effort to develop
ointments for protection against HD took place at
the Chemical Warfare Service, Edgewood Arsenal,
Maryland. The Army produced the M-5 protective
ointment, which was manufactured in 1943 and 1944.
However, because of limited effectiveness, odor, and
other cosmetic characteristics, the M-5 ointment was
no longer issued to soldiers by the mid 1950s."

Skin Exposure Reduction Paste Against Chemical
Warfare Agents

Between 1950 and the early 1980s, research focus
shifted to medical countermeasures rather than pro-
tective creams. Then, a limited research effort at the
successor to the Chemical Warfare Service, the US
Army Medical Research Institute of Chemical Defense
(USAMRICD), produced two non-active barrier skin
cream formulations based on a blend of perfluorinated
polymers. The two formulations were transferred to
advanced development in October 1990."” The best
formulation was selected and progressed through
development as an investigational new drug filed
with the US Food and Drug Administration in 1994
and approval of a new drug application in 2000. This
new product was called skin exposure reduction
paste against chemical warfare agents (SERPACWA).
SERPACWA consisted of fine particles of polytetra-
fluoroethylene solid (Teflon; DuPont, Wilmington, Del)
dispersed in a fluorinated polyether oil. The excellent
barrier properties of this polymer blend were related to
the low solubility of most materials in it. Only highly
fluorinated solvents like Freon (DuPont, Wilmington,



Del) were observed to show appreciable solubility.
SERPACWA is now a standard issue item to US forces
facing a threat of CWA use.

Function

SERPACWA is an antipenetrant barrier cream for
use by service members to protect against the toxic ef-
fects of CWAs (eg, blister [vesicant] and nerve agents)
and percutaneously active biological agents. When
used in conjunction with IPE, or mission-oriented
protective posture (MOPP) gear, SERPACWA will
prevent or significantly reduce the toxicity following
percutaneous exposure to such agents. It is used as an
adjunct to IPE, not as a substitute. The effective barrier
of SERPACWA also has been found to protect against
poison ivy and poison oak.

Effectiveness

SERPACWA was developed to extend the protection
afforded by the current protective garments and allows
alonger window for decontamination. It provides for
excellent protection against liquid challenges of GD
(soman), VX, and HD, but its protection against HD
and GD vapor is less than optimal. It does not neutral-
ize CWAs into less toxic products.

Application

SERPACWA is used at the direction of the com-
mander. Each service member is issued six packets of
SERPACWA, sufficient material for six applications or
for 2 days of use. Its effectiveness depends on the thick-
ness and integrity of the layer applied and the length
of time between application and agent exposure (wear
time). The cream should be applied first to skin areas
adjacent to IPE closures (such as at the neck, wrists, and
lower legs around the top of the boots). If the situation
permits, SERPACWA should also be applied to the
armpits, groin area, creases and crack of the buttocks,
and around the waist. Itis not applied to open wounds.
It should never be applied to the entire body, because
its occlusiveness can interfere with the ability to dis-
sipate heat. Under normal conditions, SERPACWA is
effective when spread over the skin as a thin layer (0.1
mm thick, or 0.01 mL/cm?). One packet of SERPACWA
contains 1.35 fluid ounces (about 2.7 weight ounces or
84 g) for one application. This amount of SERPACWA
is sufficient to cover the indicated skin areas with a
smooth coating that has a barely visible cream color
and is slightly detectable by touch.

SERPACWA is not water soluble, so it cannot be
washed off by water or removed by sweat without
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brushing and scrubbing, but it may physically wear
off with time. Abrasion of SERPACWA by clothing or
other contacts, such as sand or dirt, will reduce the
wear time. SERPACWA must be reapplied if the coat-
ing becomes embedded with particulate matter (dirt
or sand), if the sites are decontaminated, or after 8
hours on the skin. Normally, SERPACWA is effective
for 4 hours in preventing CWAs from contacting and
penetrating the skin. Insect repellents such as DEET
(N,N-diethyl-meta-toluamide) decrease its effective-
ness. If DEET is wiped off before application using a
dry towel, gauze, or piece of cloth, SERPACWA can
still provide significant protection.

Effects on Decontamination

The use of SERAPCWA makes decontamination
easier in areas protected by the barrier. It is easier to
physically remove CWA from a SERPACWA layer than
from the skin. Service members should still perform
skin decontamination immediately after chemical
contamination, because SERPACWA'’s effectiveness
decreases with time. SERPACWA can be removed
by brushing and scrubbing the skin areas with soap
and water. SERPACWA has no vapors, so it does not
register a false alarm with automatic vapor detectors
such as the improved chemical agent monitor (ICAM),
nor does it register with systems that detect chemical
liquid such as M8 paper. M8 paper, however, detects
agent on the surface of the SERPACWA layer (however,
ithas been noted that if moist SERPACWA paste coats
the surface of M8 paper, it can prevent CWA from
contacting the paper).

Active Barrier Creams

In 1994, to overcome the limitations of SERPACWA,
USAMRICD began development of an improved sub-
stance that would act as both a protective barrier and
an active destructive matrix to detoxify CWAs. The
types of molecules that could potentially neutralize or
detoxify CWAs have been known for a long time. These
compounds fall into three general classes: oxidizers,
reducers, and nucleophiles. The USAMRICD research-
ers were required to find a final formulation that does
not irritate the skin, however, which eliminated many
of the most reactive species. The aprotic nonpolar
environment of SERPACWA provides a unique but
challenging medium for active moieties to neutral-
ize CWA. Reaction mechanisms that do not involve
charged transition states are favored in this medium.
The improved SERPACWA containing a reactive ma-
trix became known as active topical skin protectant
(aTSP). Four criteria were established for aTSP: (1) the
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protectant must neutralize CWAs including HD, GD,
and VX; (2) the barrier properties of SERPACWA must
be maintained or increased; (3) protection against HD
and GD vapor must be increased; and (4) the cosmetic
characteristics (eg, odor, texture) of SERPACWA must
be maintained.' Additionally, aTSP could not degrade
a soldier’s performance.

Using the two components of SERPACWA, per-
fluorinated polyether oil and polytetrafluoroethyl-
ene solid, as a base cream, USAMRICD scientists
evaluated over 150 different active components.
Classes of compounds tested included organic poly-
mers, enzymes, hybrid organic-inorganic materials,
polyoxometalates, inorganic composites, inorganic

oxides, metal alloys, and small organic molecules.
These compounds were incorporated into the base
cream to produce over 500 candidate formulations
(see Table 16-1).7”

Two candidate formulations were selected for
transition to advanced development. The lead aTSP
formulation, a mixture of organic polymers, surfac-
tants, and the base cream of perfluorinated-polyether
oil and polytetrafluoroethylene solid, was ready for
advanced development in 2004. Although it is not cur-
rently funded for further research, this new product
is expected to dramatically improve protection from
CWAs when it is fielded, and it may reduce the need
for a full protective ensemble.

METHODS OF DECONTAMINATION

The first and most effective method of decontamina-
tion is timely physical removal of the chemical agent.
To remove the substance by the best means available
is the primary objective of effective decontamination.
Chemical destruction (detoxification) of the offending

TABLE 16-1

agent is a desirable secondary objective (but is not al-
ways possible). Physical removal is imperative because
none of the chemical means of destroying these agents
work instantaneously.

The US military has actively explored personnel and

PATENTS COVERING WORK ON ACTIVE TOPICAL SKIN PROTECTANT AT THE US ARMY MEDI-
CAL RESEARCH INSTITUTE OF CHEMICAL DEFENSE

Name Authors US Patent No. Date

Active Topical Skin Protectants Containing Braue EH Jr et al (Hobson, Govardhan, 6,410,603 6/25/2002
OPAA Enzymes and CLECs and Khalaf)

Active Topical Skin Protectants Containing ~ Braue EH Jr et al (Mershon, Braue CR, and 6,472,438 10/29/2002
S-330 Way)

Active Topical Skin Protectants Using Poly- ~ Braue EH Jr et al (Hobson, White, and 6,420,434 7/16/2002
oxometalates Bley)

Active Topical Skin Protectants Using Braue EH Jr et al (Hobson, Hill, Boring, 6,414,039 7/2/2002
Polyoxometalates and / or Coinage Metal and Rhule)
Complexes

Active Topical Skin Protectants Braue EH Jr, Hobson ST, Lehnert EK 6,472,437 10/27/2002

Active Topical Skin Protectants Using Poly- ~ Hobson ST, Braue EH. Jr, Back D 6,437,005 8/20/2002
mer Coated Metal Alloys

Active Topical Skin Protectants Using Reac-  Hobson ST et al (Braue, Lehnert, 6,403,653 6/11/2002
tive Nanoparticles Klabunde, Koper, and Decker)

Active Topical Skin Protectants Using Hobson ST, Braue EH Jr, Shea K 6,417,236 7/9/2002
Organic Inorganic Polysilsesquioxane
Materials

Active Topical Skin Protectants Using Com-  Hobson ST et al (Braue, Lehnert, 6,410,603 6/25/2002
binations of Reactive Nanoparticles and Klabunde, Decker, Hill, Rhule, Boring,
Polyoxometalates or Metal Salts and Koper)

Polyoxometalate Materials, Metal-Contain- Hill CL et al (Xu, Rhule, Boring, Hobson, 6,723,349 4/20/2004

ing Materials, and Methods of Use Thereof

and Braue)
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Fig. 16-1. (a) Treatment barracks for gas cases. Evacuation Hospital #2 [ca World War I]. (b) Mobile degassing unit #1. Tours,

France. November 21, 1918.

Photographs: Courtesy of the National Museum of Health & Medicine, Armed Forces Institute of Pathology (a: Reeve 1179;

b: Reeve 12196).

patient decontamination methods since World War I,
the beginning of modern chemical warfare (Figure
16-1). Many substances have been evaluated for their
usefulness in skin decontamination. The most common
problems with potential decontaminants are irritation
of the skin, toxicity, ineffectiveness, or high cost. An
ideal decontaminant would rapidly and completely
remove or detoxify all known chemical (as well as
biological and radiological) warfare agents from both
skin and equipment (Exhibit 16-2). Decontaminants
used for equipment have often been considered for
human skin but are found unsuitable because they
cause chemical burns.'

Recent research has explored the use of water, soap
and water, polyethylene glycol and polyvinylpyrroli-
done'’; polyethylene glycol (PEG 300, PEG 400) and
glycerol or industrial methylated spirit mixtures®;
hydrogen peroxide foam mixtures (Sandia foam, Mo-
dec Decon Formula)*'; immobilized enzymes (Gordon
sponge)”; cyclodextrines®; ozones (L-Gel)”; organo-
phosphorus acid anhydrolases®; phosphotriesterases®;
chloroperoxidases™; a mixture of bovine hemoglobin,
gelatin, and poi®'; blends of catitonic and anionic
tensides™; hydroperoxides and hydroperoxycarbon-
ate anions, dichloroisocyanurate, and oxidants such
as sodium hypochlorite and calcium hypochlorite®;
polyglycol and corn 0il*%; and technology such as the
use of atmospheric pressure plasma jets® and postex-
posure cooling.*

Currently recommended decontamination materials
for US service members that are safe for human skin in-
clude soap and water (hydrolysis is probably the most

economical choice if water is readily available in ample
quantities); dry decontaminants (eg, fuller’s earth,
M291 skin decontamination kit [SDK]); packaged liq-
uid decontaminants (eg, the Canadian-manufactured
Reactive Skin Decontamination Lotion [RSDL; E-Z-EM
Canada Inc, Anjou, Quebec, Canadal); and chemical
decontaminants that create an oxidative reaction with
the agent (eg, dilute 0.5% hypochlorite solution [dilute
bleach]). Table 16-2 gives the suggested applications
for the various decontamination materials.

HD and the persistent nerve agent VX contain sul-
fur atoms that are readily subject to oxidation and/
or dehydrochlorination reactions. VX and the other
nerve agents (GD, GA [tabun], GB [sarin], and GF
[cyclosarin]) contain phosphorus groups that undergo
alkaline hydrolysis. HD can also be neutralized by
hydrolysis or other nucleophilic substitution, but the
rate is generally slow. Therefore, most chemical decon-
taminants are designed to neutralize CWAs by either
oxidative chlorination or hydrolysis."

Soap and Water: Hydrolysis

Many classes of CWA, including HD, V agents, and
G agents, can be detoxified by reaction with nucleo-
philes (water is the nucleophile). Chemical hydrolysis
reactions are either acid or alkaline. Acid hydrolysis
is of negligible importance for agent decontamination
because the hydrolysis rate of most chemical agents is
slow, and adequate acid catalysis is rarely observed.®
Alkaline hydrolysis is initiated by the nucleophilic
attack of the hydroxide ion on the phosphorus atoms
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EXHIBIT 16-2

DESIRABLE TRAITS OF A SKIN
DECONTAMINANT

e Effective against chemical, biological, radiologi-
cal, and nuclear agents, toxic industrial mate-
rial, toxic industrial chemicals, and new threat
agents.

e Neutralizes all chemical and biological
agents.

e Safe (nontoxic and noncorrosive) for skin,
eyes, and wounds.

e Removes agent from below the skin sur-
face.

e Applied easily by hand.

* Readily available.

* Acts rapidly over a wide temperature
range.

® Produces no toxic end products.

® Stable in long-term storage.

e Stable in the short term (after issue to unit /
individual).

e Affordable.

¢ Does not enhance percutaneous agent ab-
sorption.

¢ Nonirritating.

* Hypoallergenic.

* Disposed of easily.

Data sources: (1) Chang M. A Survey and Evaluation of Chemi-
cal Warfare Agent Contaminants and Decontamination. Dugway
Proving Ground, Utah: Defense Technical Information
Center; 1984. AD-202525. (2) Baker JA. Paper presented at:
COR Decontamination/Contamination Control Master Plan
Users’ Meeting; 11-13 September 1985. (3) Joint Requirements
Office for Chemical, Biological, Radiological and Nuclear
Defense. Joint Service Personnel | Skin Decontamination System
(JSPDS). Washington, DC: Joint Requirements Office, 2004.

found in VX and the G agents. The hydrolysis rate
is dependent on the chemical structure and reac-
tion conditions such as pH, temperature, the kind of
solvent used, and the presence of catalytic reagents.
The rate increases sharply at pH values higher than
8, and increases by a factor of 4 for every 10°C rise in
temperature.”” Many nucleophilic agents are effective
in detoxifying chemical warfare agents; unfortunately,
many of these (eg, sodium hydroxide) are unaccept-
ably damaging to the skin. Alkaline pH hypochlorite
hydrolyzes VX and the G agents quite well."***

The rate of detoxification of HD in water, however,
is slow and depends more on the limited solubility of
HD in water (approximately 0.8 g/L at room tempera-
ture) than on the reaction rate of hydrolysis (half-life
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at 20°C is 14.7 min). HD is highly soluble in oils and
fats.*” The hydrolysis rate is not affected by pH and
decreases with increasing salt concentration in aqueous
solutions (seawater and saline intravenous bag). Us-
ing stronger nucleophiles such as sulfides and amines
does not increase the reaction rate, because the rate-
determining step is the initial formation of the cyclic
ethylene sulfonium ion, which forms directly from the
HD molecule. Thus, while nucleophilic detoxification
of HD is possible, oxidative chlorination is much more
effective, although still slow.?

Liquids are best for decontaminating large or ir-
regular surface areas. Soapy water solutions are well
suited for MTFs with adequate water supplies. Soap
and water are low-cost materials that remove agents
by hydrolysis and by simply washing them away if
used in copious amounts. These solutions do not kill
biological agents or neutralize radiological or chemical
agents; therefore, water run-off must be collected. Lig-
uid soap acts as a surfactant. The surfactant molecule
reduces the water surface tension, making it “wetter”
so that it spreads out. Also, one end of the surfactant
molecule is soluble in oily substances, and the other
end is soluble in water.*** This enables water to better
loosen and suspend agent particles in the water so they
can be washed away. Fat-based soaps and emulsifiers/
surfactants (eg, Dawn dishwashing liquid [Procter &
Gamble, Cincinnati, Ohio],* baby shampoo, castile
liquid soap, or soft soap) are much more effective than
detergents that dry the skin (the latter should not be
used).* Soap and water is best used during patient
thorough decontamination, but also can be used for
immediate and operational patient decontamination
if available and practical. Copious amounts of soap
and water should not be used on the joint service light-
weight integrated suit technology or similar MOPP
garments, because dampening the fabric reduces its
protective abilities.

Dry Decontaminants

Any material that can absorb a liquid and then
be brushed or scraped off without abrading the skin
can be used as an effective skin or equipment decon-
taminant to remove liquid agents. Clean sand, baking
powder, fuller’s earth, diatomaceous earth, and baby
wipes (dry or wet) can be applied to the agent, allowed
to absorb it, and then carefully wiped away. Initially,
large quantities of thickened liquid agent can be re-
moved from clothing and skin by scraping it off with
an uncontaminated stick or similar device.

Van Hooidonk® conducted animal studies to
determine the effectiveness of common household
compounds for decontamination of liquid agents on



TABLE 16-2

APPROPRIATE USES FOR MILITARY DECONTAMINANTS

Decontamination of Chemical Casualties

Decontaminant

Types of Patient Decontamination
Station (PDS)

When and Where Used

M291 Skin Decontamina-
tion Kit

M295 Decontamination Kit

Soap and water

0.5% hypochlorite (bleach)
solution

5% hypochlorite (bleach)
solution

All types of PDS with limited water
or freezing temperature conditions

All types of PDS with limited water
or freezing temperature conditions

Used at all PDSs; the primary
decontaminant used at PDSs with
plumbed tentage and on water ves-
sels. It is very cost effective.

PDSs with minimal equipment.

PDSs with minimal equipment: to
wash patient mask hood; decontam-
ination team member gloves.

All PDSs: to soak cutting tools (chem-
ical and biological agents only; for
radiation use soap and water).

For dry decontamination of liquid chemical agents
only; very useful if water is not available or ambi-
ent temperature is freezing; used on skin and
equipment

For the dry decontamination of liquid chemical
agents only, used on equipment

Used for

skin (copious amounts)

equipment (copious amounts)

washing down decontamination team’s
TAP aprons and rinsing their gloves after
washing with 5% bleach

best for washing away radiological, biologi-
cal, and most chemical agents, but does not
neutralize or kill them

Used on skin, also can be used to wipe down TAP
aprons.

Used only on equipment, NOT skin. Not used
with radiological agents. Used for chemical and
biological agents to

wipe down rubber mask hoods

wash gloves of patients and decontamina-
tion team members (then rinse with fresh
water)

fill pail for cutting tools

wash decontaminated litters (then rinse
with fresh water)

wipe down equipment (30 min contact time,
then rinse)

Locally available absorbent ~Any PDS Used for the dry decontamination of liquid chemi-
material: cal agents only on skin and equipment; used if
e clean sand water and M291 or M295 are not available or
* baking powder ambient temperature is freezing.
e fuller’s earth
* baby wipes
e flour
e bread
* other dry, non-
toxic, absorbent
items
Reactive skin decontamina- ~Any PDS Expected to replace or supplement the M291 kit.

tion lotion (RSDL) Used on skin and equipment for all types of agents.
It wipes away contaminants and oximes and neu-

tralizes some chemical agents and biological toxins.

PDS: patient decontamination station
TAP: toxicological agent protective
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the skin. They found that wiping the skin with a dry
absorbent object (such as paper, aseptic gauze, toilet
paper, or a towel) or covering the liquid with absorbent
powders, such as flour, talcum powder, diatomaceous
earth, fuller’s earth, or Dutch powder (the Dutch varia-
tion of fuller’s earth), and then wiping the residue off
with wet tissue paper were reasonably effective for
removing both nerve agent and mustards. Either pro-
cedure had to be performed within 4 minutes, before
the agent permeated the epidermis, to be maximally
effective. The study also found that washing with
small amounts of water or soap and water was effec-
tive for removing nerve agents, but not effective for
mustard agents.” Fuller’s earth and Dutch powder
are decontamination agents currently fielded by some
European countries to absorb liquid agents.'
Developed to absorb and slowly neutralize liquid
chemical agent, the M291 SDK (Figure 16-2) was first
issued to US forces in 1989 and is the current method
of battlefield decontamination used by individual
service members. The M291 kit was extensively tested
in a rabbit model and proved effective for immediate
decontamination of skin.***” Recent studies in the
clipped-haired guinea pig model, however, demon-

Fig. 16-2. The six individual decontamination pads of the
M291 kit are impregnated with the decontamination com-
pound Ambergard XE-555 resin (Rohm and Haas Co, Phila-
delphia, Penn), a black, free-flowing, resin-based powder.
Each pad has a loop that fits over the hand. Holding the pad
in one hand, the user scrubs the pad over contaminated skin.
The chemicals are rapidly transferred into and trapped in
the interior of the resin particles. The presence of acidic and
basic groups in the resin promotes the destruction of trapped
chemical agents by acid and base hydrolysis. Because the
resin is black, the area that has been decontaminated is easy
to see.
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strated that the M291 SDK is only marginally effective
against GD, GF, VX, and VR.*

The M291 SDK consists of a wallet-like carrying
pouch containing six individual decontamination
packets. Each packet contains a nonwoven, fiberfill,
laminated pad impregnated with the decontamination
compounds: a carbonaceous adsorbent, a polystyrene
polymeric, and ion-exchange resins. The resultant
black powder is both reactive and adsorbent. Each pad
provides the individual with a single-step, nontoxic,
nonirritating decontamination application, which can
be used on intact skin, including the face and around
wounds, but should not be used in wounds or on
abraded skin.! Instructions for its use are marked on
the case and packets. Small, dry, and easily carried,
the M291 SDK is well suited for field use and is par-
ticularly useful in areas where water is scarce. It is
not effective for removing dry chemical, biological,
or radiological agents or for neutralizing them. Early
intervention with the use of this kit will reduce liquid
chemical agent injury and save lives in most cases.

Packaged Wet Decontaminants

In 2004 the joint services established an operational
requirements document to procure an effective skin
decontaminant, referred to as the joint service per-
sonnel decontamination system, that could be used
effectively on the skin and eyes, around wounds,
and on equipment against all CBRN agents as well
as other toxic industrial materials.* In March 2007,
RSDL was selected as the joint service personnel
decontamination system and is scheduled to replace
the M291 SDK.

RSDL is a bright yellow viscous liquid dispensed
on a sponge that washes away chemical agent con-
tamination (Figure 16-3). The lotion is a solution of
potassium 2,3-butanedione monoximate and free
oxime in a mixture of water and polyethyleneglycol
monoethylether."** RSDL can be used to decontami-
nate intact skin around wounds, but it is not approved
for the decontamination of wounds or eyes. Testing
at USAMRICD demonstrated that RSDL is superior
to the M291 SDK, 0.5% hypochlorite solution, and 1%
soapy water against a broad spectrum of chemical
agents.”® It was even effective against a 5-medial-
lethal-dose challenge of VX when applied up to 25
minutes after exposure.”' In addition to VX, RSDL
neutralizes the effects of G agents, HD, and T-2 mi-
cotoxin.” After breaking down the chemical agent or
toxin, it becomes a nontoxic liquid that can be washed
from the skin with water.”® RSDL is approved by the
Food and Drug Administration as a medical device.”
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Fig. 16-3. (a) Reactive Skin Decontamination Lotion (E-Z-EM Canada Inc, Anjou, Quebec, Canada) packets and (b) blue

training packets.

Photographs: Courtesy Lt Col Charles Boardman, US Air Force, US Army Medical Research Institute of Chemical Defense.

The manufacturer (E-Z-EM Inc, Lake Success, NY)
also produces a training stimulant (Figure 16-3[b])
without oxime, packaged in a blue pouch, that allows
for realistic training and the incorporation of human
decontamination into civil defense scenarios.

Chemical Decontaminants: Oxidation

Electrophilic reactions are the oxidative processes
associated with CWA detoxification. The most impor-
tant category of chemical decontamination reactions
is oxidative chlorination. This term covers active
chlorine chemicals (such as hypochlorite), which
under the proper conditions generate the positively
charged chloride ion, a very reactive electrophile.
The pH of a solution is important in determining the
amount of active chlorine concentration; an alkaline
solution is advantageous. Hypochlorite solutions act
universally against the organophosphorus and mus-
tard agents."®

Both VX and HD contain sulfur atoms that are read-
ily subject to oxidation. Current US doctrine specifies

the use of 0.5% sodium or calcium hypochlorite solu-
tion for decontamination of skin and a 5% solution for
equipment.’ Decontamination preparations such as
fresh hypochlorite solution (either sodium or calcium
hypochlorite) react rapidly with some chemical agents
(eg, the half-time for destruction of VX by hypochlorite
at pH 10 is 1.5 min), but the half-times of destruction
of other agents such as mustard are much longer. If a
large amount of agent is initially present, more time is
needed to completely neutralize the agent.

Dilute hypochlorite (0.5%) is an effective skin de-
contaminant for patient use. The solution should be
made fresh daily with a pH in the alkaline range (pH
10-11). Plastic bottles containing 6 ounces of calcium
hypochlorite crystals are currently fielded for this pur-
pose.' Dilute hypochlorite solution is contraindicated
for the eye; it may cause corneal injuries. It also is not
recommended for brain and spinal cord injuries. Irriga-
tion of the abdomen with hypochlorite solution, which
can cause adhesions, is also contraindicated. The use
of hypochlorite in the thoracic cavity may be less of a
problem, but the hazard remains unknown.!
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WOUND DECONTAMINATION

All casualties entering a medical unit after ex-
periencing a chemical attack must be considered
contaminated unless they have been certified as non-
contaminated. The initial management of a casualty
contaminated by chemical agents requires removal
of IPE and decontamination before treatment within
the field MTF.

Initial Wound Decontamination

During thorough patient decontamination at a
patient decontamination station, all bandages sus-
pected of contamination are removed and the wounds
are flushed with isotonic saline solution or water.
Bandages are replaced only if bleeding begins after
decontamination. Tourniquets suspected of being
contaminated are replaced with clean tourniquets, and
the sites of the original tourniquets decontaminated.
Both bandage replacement and tourniquet replace-
ment are performed by medical personnel. Splints
are thoroughly decontaminated but removed only
by a physician or under physician supervision. Once
the patient has been thoroughly decontaminated and
enters the medical facility, the new dressings are re-
moved and submerged in 5% hypochlorite or sealed
in a plastic bag.”

General Considerations

Three classes of chemical agent (vesicants, nerve
agents, and cyanide) might present a hazard from
wound contamination. Hydrogen cyanide is a blue-
white liquid with a boiling point of 26°C (79°F). It can
be absorbed slowly through unbroken skin but much
more rapidly through an open wound. Cyanide may
be delivered as pure hydrogen cyanide (liquid or gas
depending on temperature), pure solid salt (sodium
cyanide), or an aqueous solution of the metal salt.
Cyanide is very toxic but less so than vesicants and
nerve agents, and therefore less of a concern in open
wounds.

Mustard converts to a reactive cyclic intermediate
compound within a few minutes of absorption into
a biological milieu, and the cyclic intermediate reacts
rapidly (within a few minutes) with blood and tissue
components.” In a wound, the compound reacts with
blood, the necrotic tissue, and the remaining viable
tissue. If the amount of bleeding and tissue damage is
small, mustard will rapidly enter the surrounding viable
tissue, where it will quickly biotransform and attach to
tissue components, and its biological behavior will be
similar to an intramuscular absorption of the agent.
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Although nerve agents cause their toxic effects by
very rapid attachment to the enzyme acetylcholin-
esterase, they also quickly react with other enzymes
and tissue components. As with mustard, the blood
and necrotic tissue of the wound “buffers” the nerve
agents. Nerve agent that reaches viable tissue will be
rapidly absorbed, and because of the high toxicity
of nerve agents (a small fraction of a drop is lethal),
casualties with wounds contaminated by liquid nerve
agent are unlikely to reach medical care alive.”® The
potential risk from contaminated wounds arises from
chemical agent on foreign bodies in the wound and
from thickened agents.”

Thickened Agents

Thickened agents are chemical agents mixed with
another substance (commonly an acrylate) to increase
their persistency. They do not dissolve as quickly in
biological fluids, nor are they absorbed by tissue as
rapidly as other agents. (VX, although not a thickened
agent, is absorbed less quickly and may persist in a
wound longer than other nerve agents.) Thickened
agents are not known to be stockpiled by any country.
In a chemical attack, the intelligence and chemical staff
should be able to identify thickened agents and alert
medical personnel of their use.

Casualties with thickened agents in wounds (eg,
from pieces of a contaminated battle-dress uniform or
protective garment being carried into the wound tract)
require more precautions and are unlikely to survive
to reach surgery. Thickened mustard has delayed sys-
temic toxicity and can persist in wounds even when
large fragments of cloth have been removed. Although
the vapor hazard to surgical personnel is low, contact
hazard from thickened agents remains and should
always be assumed.*

Foreign Material and Off-Gassing

The contamination of wounds with mustard, nerve
agents, or cyanide is mostly confined to the pieces of
contaminated fabric in the wound tract. The removal
of this cloth from the wound effectively eliminates
the hazard. Little chemical risk is associated with
individual fibers left in the wound. No further decon-
tamination of the wound for un-thickened chemical
agent is necessary.”® Cooper et al® reported that the
risk from vapor off-gassing of chemically contaminated
fragments and cloth in wounds is low or nonexistent,
and that off-gassing from a wound during surgical
exploration is negligible. Eye injury is not expected



from off-gassing from any of the chemical agents, and
chemical-protective masks are not required for surgi-
cal personnel. However, recent studies®® indicate that
swine exposed to 400 L of neat HD continue to off-gas
up to 48 hours postexposure.

Wound Exploration and Debridement

No single glove material protects against every
substance. Butyl rubber gloves generally provide
better protection against chemical warfare agents
and most toxic industrial chemicals (but not all) than
nitrile gloves, which are generally better than latex
surgical gloves. Surgeons and assistants are advised
to wear two pairs of gloves*: a nitrile (latex if nitrile
is not available) inner pair covered by a butyl rubber
outer pair. Thicker gloves provide better protection
but less dexterity. Latex and nitrile gloves are gener-
ally 4 to 5 mils thick (1 mil =1/1,000 of an inch). The
recommended butyl rubber glove is 14 mils thick; if
greater dexterity is needed a 7-mil butyl glove may be
worn. A study at the US Army Soldier and Biological
Chemical Command® showed breakthrough times for
HD and GB depended on glove material and thick-
ness. N-Dex (Best Manufacturing, Menlo, Ga) nitrile
gloves (4 mil) had a breakthrough time of 53 minutes
for HD and 51 minutes for GB. North (North Safety
Products, Cranston, RI) butyl gloves (30 mil) had a
breakthrough time of over 1,440 minutes for both HD
and GB. The safety standard operating procedure at
USAMRICD® for working with neat agents requires
a maximum wear time of 74 minutes for HD and 360
minutes for G agents and VX when wearing 7-mil butyl
rubber gloves over 4-mil N-Dex nitrile gloves. Wearing
this glove combination is recommended until users
ascertain that no foreign bodies or thickened agents
are in the wound. Double latex surgical gloves have no
breakthrough for 29 minutes in an aqueous medium;
they should be changed every 20 minutes® (changing
gloves is especially important when bone spicules or
metal fragments can cause punctures).”

The wound should be debrided and excised as usual,
maintaining a no-touch technique (explore the wound
with surgical instruments rather than with the fingers).
Pieces of cloth and associated debris must not be exam-
ined closely but quickly disposed of in a container of
5% hypochlorite. Recent studies at USAMRICD by Gra-
ham® demonstrated significant off-gassing during laser
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debridement of HD-exposed skin in swine. Removed
fragments of tissue should be dropped into a container
of 5% to 10% hypochlorite. Bulky tissue such as an
amputated limb should be sealed in a chemical-proof
plastic or rubber bag.* Penetrating abdominal wounds
caused by large fragments or containing large pieces
of chemically contaminated cloth will be uncommon.
Surgical practices should be effective in the majority
of wounds for identifying and removing the focus of
remaining agent within the peritoneum.

Cooper et al*® suggest checking a wound with
an ICAM, which may direct the surgeon to further
retained material. However, this process is slow (a
stable reading takes about 30 seconds; a rapid pass
over the wound will not detect remaining contamina-
tion) and is not effective unless vapors are emanating
from wound debris. A single bar reading on an ICAM
with the inlet held a few millimeters from the wound
surface indicates that a vapor hazard does not exist;
more than one bar is needed to indicate a vapor has
been detected.”

Dilute hypochlorite solution (0.5%) should not be
used to flush wounds. Isotonic saline or water may be
instilled into deep, noncavity wounds following the
removal of contaminated cloth. Subsequent irrigation
with saline or other surgical solutions should be per-
formed.'Saline, hydrogen peroxide, or other irrigating
solutions do not necessarily decontaminate agents but
may dislodge material for recovery by aspiration with
alarge-bore suction tip. The irrigation solution should
not be swabbed out manually with surgical sponges;
rather, it should be removed by suction to a disposal
container and handled like other agent-contaminated
waste within a short time (5 min). Although the risk
to patients and medical attendants is low, safe practice
suggests that any irrigation solution should be consid-
ered potentially contaminated. Following aspiration by
suction, the suction apparatus and the solution should
be decontaminated in a solution of 5% hypochlorite.
Superficial wounds should be subjected to thorough
wiping with normal saline or sterile water.'

Instruments that have come into contact with possi-
ble contamination should be placed in 5% hypochlorite
for 10 minutes before normal cleansing and steriliza-
tion. Reusable linen should be checked with the ICAM,
M8 paper, or M9 tape for contamination. If found to
be contaminated, the linen should be soaked in a 5%
to 10% hypochlorite solution or discarded.'

PATIENT THOROUGH DECONTAMINATION

Need

The focus of patient decontamination is identical

throughout the services and in the civilian sector: it
is the removal of hazardous substances from the con-
taminated individual to protect that person and sub-
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sequently reduce the incidence of cross contamination
to others. Early removal of the hazardous substance
is key to significantly reducing the dose of agent an
individual is exposed to. When early removal (within
the first 15 minutes—ideally within the first 2 minutes)
is not possible, later removal can reduce the effects
from a chemical agent but to a lesser degree. Removal
at any time reduces the threat that others may be cross-
contaminated. Patient thorough decontamination, per-
formed before allowing a contaminated patient inside
the confines of a hospital, provides two benefits. First,
it can potentially reduce the dose the patient receives,
and, second, it protects hospital staff from exposure to
the hazardous agent and its vapors.

In the United States, healthcare workers are the 11th
most common group injured in hazardous materials
incidents, but injury to emergency department work-
ers is even more infrequent, only 0.2% of some 2,562
events from 1995 to 2001 documented in the Agency
for Toxic Substances and Disease Registry Hazardous
Substance Emergency Events Surveillance System.* In
these instances, the injured workers were not wearing
respiratory protection and suffered eye and respiratory
tract irritation.”

Several studies and reports illustrate the need for the
thorough decontamination of patients before hospital
admission. Okumura et al® published a survey of the
staff of Saint Luke’s International Hospital in Tokyo.
This facility was closest to the Tokyo subway sarin
release and received 640 patients, the largest number
of victims from the event. The study indicated that 110
staff members, 23% of the 472 medical personnel in the
hospital at the time, reported acute poisoning symp-
toms including headache, blurred vision, dyspnea,
nausea, and dizziness. None of the staff at this facility
wore respiratory protection, and none of the patients
were decontaminated in any way. Particularly affected
were staff working in the hospital temporary triage
area, which was located in the poorly ventilated hos-
pital chapel, and those in the intensive care unit.*

Nozaki et al** conducted a retrospective study
of care providers at another facility, the University
Hospital of Metropolitan Japan, who also attended to
subway victims. Of the 15 physicians who worked in
the emergency room, none wore any protective equip-
ment; 13 became aware of symptoms of exposure while
resuscitating two of the casualties. Eleven of these
doctors complained of dim vision lasting several days,
and eight showed significant miosis (pupils < 2 mm).
Eight had rhinorrhea (runny nose), four had dyspnea
(shortness of breath or tightness of the chest), and two
had a cough. Six of the symptomatic care providers
were given atropine sulfate, and one, who had more
predominant dim vision than the others, was also
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given pralidoxime methiodide. Subsequent removal of
the patients’ contaminated clothing and ventilation of
the emergency room helped reduce exposure.* Table
16-3 summarizes the signs and symptoms displayed
by medical personnel at St Luke’s and University
hospitals.

Similarly, reports by Foroutan® indicate that unpro-
tected medical staff caring for contaminated Iranian
victims of an Iraqi poison chemical gas bombardment
also became ill. In one instance, a doctor and a nurse
providing patient resuscitation in a busy treatment area
became dizzy, were short of breath, and had severe
headaches and cough. Within 5 minutes the remainder
of the medical staff in the emergency room developed
the same symptoms, could no longer stand up, and had
to sit on the floor. The staff was evacuated to another
hospital and the emergency room closed and ventilated
for 3 hours. In this case both cyanide antidotes and
later atropine were administered, which reduced the
providers’ symptoms.*

Another documented relevant example took place
in 2001 in the emergency room of a hospital in an agri-
cultural area of Great Britain. Pesticides are among the
top choices for those committing suicide and homicide,
particularly in agricultural regions of the world.®® A
man who attempted suicide by ingesting an organo-
phosphate pesticide was brought into the emergency
room, where he vomited, causing a chemical spill. The
incident caused 25 hospital workers to seek medical
attention, and 10 complained of symptoms indicative
of toxic exposure.” These events illustrate the impor-
tance of thorough decontamination for contaminated
patients, prompt clean-up of pesticide-tainted vomit,
and adequate protection, particularly respiratory pro-
tection, for hospital workers when vapor hazard from
contamination exists.

Personnel

Patient thorough decontamination operations are
personnel intensive. Typically from 7 to 20 person-
nel are needed to staff decontamination teams, not
including medical treatment personnel. In the mili-
tary, with the exception of the US Air Force and some
ship-based units that deploy trained patient decon-
tamination teams composed of medical personnel, the
military patient decontamination process is carried
out by nonmedical augmentees supervised by trained
medical personnel.’ In the civilian sector gross decon-
tamination is often performed by fire departments or
hazardous materials (HAZMAT) teams, and thorough
decontamination at medical facilities is carried out by
hospital personnel assigned to perform the job as an
additional duty.**®
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TABLE 16-3

SIGNS AND SYMPTOMS REPORTED BY TOKYO HOSPITAL WORKERS TREATING VICTIMS OF
SARIN SUBWAY ATTACKS*

Symptom Number/percentage of the 15 physicians Number/percentage of 472 care providers

who treated patients at UH

reporting symptoms at SLI

Dim vision 11

Rhinorrhea

Dyspnea (chest tightness) 4

Cough 2

Headache No information
Throat pain No information
Nausea No information
Dizziness No information
Nose pain No information

73% 66 14%
53% No information

27% 25 5.3%
13% No information

52 11%

39 8.3%

14 3.0%

12 2.5%

6 1.9%

*Data reflect reported survey of self-reported symptomatology of physicians at the University Hospital of Metropolitan Japan emergency
department and all hospital workers at Saint Luke’s International Hospital exposed to sarin vapors from victims of the Tokyo subway at-

tack.
SLI: Saint Luke’s International Hospital
UH: University Hospital

Data sources: (1) Nozaki H, Hori S, Shinozawa Y, et al. Secondary exposure of medical staff to sarin vapor in the emergency room. Intensive
Care Med. 1995;21:1032-1035. (2) Okumura T, Suzuki K, Fukuda A, et al. The Tokyo subway sarin attack: disaster management, Part 1: com-
munity emergency response. Acad Emerg Med. 1998;5:613-617. (3) Okumura T, Suzuki K, Fukuda A, et al. The Tokyo subway sarin attack:
disaster management, Part 2: Hospital response. Acad Emerg Med. 1998;5:618-624.

Close medical monitoring and treatment of ca-
sualties before, during, and after thorough decon-
tamination must be an integral part of all patient
decontamination operations. Medical conditions can
change as individuals undergo the stressful process of
decontamination. If the exposure is to a liquid agent, it
may take time for the agent to transit the skin layers. A
patient exposed to a liquid chemical agent may appear
stable or well during decontamination but can become
worse during or after the decontamination process.

Decontamination Operator Protection

Heat and musculoskeletal injury are primary con-
cerns for decontamination team members. Individuals
must perform heavy work (patient treatment, triage,
and litter movement) while wearing IPE. Working in
a hot environment lowers individual mental alertness
and physical performance. Increased body temperature
and physical discomfort can cause workers to overlook
safety procedures or divert their attention from hazard-
ous tasks. These critical issues must be addressed before
and throughout decontamination operations.

Musculoskeletal injury can occur from lifting

patients, carrying litters, or falling while wearing
protective ensemble. Injury reduction strategies such
as removing tripping hazards, policing the decon-
tamination area for debris, working at a safe pace,
rehearsing ergonomically correct patient lifts, enforc-
ing frequent rest breaks, using special equipment to
reduce lifting (such as wheeled litter carriers), and
insuring adequate staffing are all useful strategies to
prevent worker injury.

The chemical protective ensemble prevents an indi-
vidual’s sweat from readily making contact with the
air, which inhibits heat transfer from the body, making
it difficult for the body to cool itself, which can lead
to heat injury. The National Institute for Occupational
Safety and Health publication Working in Hot Environ-
ments describes a variety of heat conditions including
heat stroke (the most life threatening), heat exhaustion,
heat cramps, fainting, heat rash, and transient heat fa-
tigue.”” All decontamination personnel must be trained
in preventative measures for these conditions, be able
to identify their signs and symptoms, and know what
to do when they occur. It typically takes humans 5 to
7 days to adjust to working in hot temperatures. Heat
stress can be reduced by reducing prolonged exposure
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to heat. Effective measures include enforcing work—
rest cycles; providing shaded work and rest areas;
reducing the amount of protective ensemble worn (eg,
wearing level C during decontamination operations or
only respiratory protection if the principal chemical
hazard is vapor); and maintaining adequate supplies
of potable water and encouraging its consumption by
decontamination team members.

A safety officer must be appointed whose primary
duty during decontamination operations is to monitor
the health status of decontamination team members in
IPE. This individual enforces safe patient lifting tech-
niques, insures the decontamination area is free from
debris that can cause a tripping hazard, manages team
member work-rest cycles, stays abreast of temperature
conditions, and insures that adequate fluids are avail-
able and used by decontamination team members.

Occupational Safety and Health Administration
(OSHA) first receiver guidance suggests that medical
monitoring of decontamination personnel should be
conducted before protective ensemble is donned or
soon after, during rest breaks in the warm area, and
after decontamination operations. These measures
are particularly important when temperatures in the
work area exceed 70°F (21°C). Monitoring may not be
practical on the battlefield or in the fast-paced mass
casualty environment; however, it is a useful measure
to prevent heat injury during training and should be

TABLE 16-4

AMERICAN HEART ASSOCIATION RECOM-
MENDED VALUES FOR SAFE CARDIOVASCU-
LAR FUNCTION

Function Value

140 bpm systolic / 100 bpm
diastolic

100 bpm
min: 98.0°F (36.6°C)

max: 99.2°F (37.3°C) or +/- 0.6°F
(1.08°C) from normal

Blood pressure (max)

Pulse rate (max)

Temperature

bpm: beats per minute

integrated into exercises when feasible. The American
Heart Association-recommended safe limits are noted
in Table 16-4. Automated wrist cuffs are now avail-
able that make ongoing blood pressure monitoring of
workers in IPE much easier. Readings taken through
IPE, however, may not be accurate. Individuals with
elevated readings who are not under work or anxiety
duress should receive particular attention.*

In the field, a more practical way to reduce both
heat and musculoskeletal injury is to distribute the

EXHIBIT 16-3

TIVE EQUIPMENT

OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION LEVELS OF PERSONAL PROTEC-

Level A

Level B

the configuration.
Level C

decontamination operators (first receivers).
Level D

IPE: individual protective ensemble
MOPP: mission-oriented protective posture
SCBA: self-contained breathing apparatus

Provides the greatest level of skin and respiratory protection. Level A consists of a totally encapsulating
suit with gloves and boots attached. A self-contained breathing apparatus (SCBA) is worn inside the suit,
or a supplied-air system (with escape SCBA) is used for respiratory protection.

Used when the highest level of respiratory protection is necessary, but a lesser level of skin and eye protec-
tion is needed. This level consists of nonencapsulating, chemical-resistant suits, often called splash suits
or rain suits. The SCBA or a supplied-air system is worn either inside or outside the suit, depending on

Worn when the concentration and type of airborne substance is known and the criteria for using air pu-
rifying respirators are met. The level C ensemble consists of a full facepiece, an air-purifying respirator,
and a chemical agent-resistant suit. Military MOPP 4 is similar to level C. Level C is the preferred IPE for

A work uniform affording minimal protection. The military battle dress uniform, Army combat uniform,
or coveralls meet the requirements for level D protection.

Adapted from: US Departments of the Army, Marine Corps, Navy, and Air Force, and Marine Corps. Multiservice Tactics and Procedures for
Nuclear, Biological, and Chemical (NBC) Protection. Washington, DC: DoD; 2003. FM 3-11.4, MCWP 3-37.2, NTTP 3-11.27, AFTTP (I) 3-2.46.
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workload among team members. Failure to enforce
appropriate work-rest cycles increases the risk of
injury and ultimately depletes personnel pools on
subsequent days. Work-rest cycles insure adequate
hydration, give the body an opportunity to disperse ex-

Decontamination of Chemical Casualties

cessive heat, and slow down the production of internal
body heat created during physical work. Chapter 14,
Field Management of Chemical Casualties, provides
further discussion on work-rest cycles and a table for
calculating them.

EQUIPMENT FOR PATIENT THOROUGH DECONTAMINATION

Individual Protective Equipment

All decontamination team members must wear IPE
for their protection.* OSHA and the Federal Chemical
Stockpile Emergency Preparedness Program recom-
mend OSHA level C as the most appropriate wear
for first receivers, which include decontamination
team members.*’*”" In the military, MOPP level 4 is
roughly equivalent to OSHA level C. OSHA levels A
and B (Exhibit 16-3) are normally worn at an incident
site (hot zone; Exhibit 16-4) when the contamination is
unknown. This high level of protection, which creates
an additional heat burden on the worker and restricts
mobility, is not necessary for decontamination op-
erations in the warm zone, where the chemical risk is
greatly reduced. For more information on OSHA levels
see Chapter 17, Chemical Defense Equipment.

Decontamination team members using dry de-
contaminants, water, soap and water, or other liquid
decontaminants must wear IPE that allows for easy
operator wipe down. The IPE must also prevent
undergarments from being saturated with water if
water is used during decontamination. Torngren et
al”? showed that aerosolized agent simulants and their
vapors penetrate protective equipment that becomes
saturated with water during patient decontamination

EXHIBIT 16-4
ZONES OF CONTAMINATION

Hot zone: Area of agent release that is directly con-
taminated.

Warm zone (or decontamination zone): Area outside
the hot zone where contamination consists only of that
brought into the area by contaminated patients and
workers from the hot zone.