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Abstract

Sulfur mustard is a member of the vesicant class of chemical warfare agents
that causes blistering to the skin and mucous membranes. There is no specif-
ic antidote, and treatment consists of systematically alleviating symptoms.
Historically, sulfur mustard was used extensively in inter-governmental con-
flicts within the trenches of Belgium and France during World War I and dur-
ing the Iran-Iraq conflict. Longitudinal studies of exposed victims show that
sulfur mustard causes long-term effects leading to high morbidity. Given that
only a small amount of sulfur mustard is necessary to potentially cause an
enormous number of casualties, disaster-planning protocol necessitates the
education and training of first-line healthcare responders in the recognition,
decontamination, triage, and treatment of sulfur mustard-exposed victims in a
large-scale scenario.

Wattana M, Bey T: Mustard gas or sulfur mustard: An old chemical agent as
a new terrorist threat. Prebospital Disast Med 2009;24(1):19-29.

Introduction
The North Atlantic Treaty Organization (NATO) defines a chemical agent
as: a chemical substance that is intended for use in military operations to kill,
seriously injure or incapacitate people.! Chemical agents are thought of as
weapons of mass effect because a relatively small amount of agent can cause
enormous numbers of casualties. Despite the signing of treaties, such as the
Geneva Protocol of 1925 and the Chemical Weapons Convention of 1993,
usage of chemical agents in warfare and the potential for their usage in acts of
terrorism still pose a huge global threat.!™

Since its introduction as a chemical warfare agent during World War 1, sul-
fur mustard has become one of the most well-known and utilized chemical
agents.® Sulfur mustard has been used during >10 military conflicts, and the
current number of chemical casualties caused by sulfur mustard outnumbers
the total sum due to all other chemical agents.*® Although sulfur mustard has
not been used in a documented act of terrorism, the disaster preparedness
mentality following 11 September 2001, encourages education for healthcare
providers in the recognition, treatment, and decontamination of sulfur mustard.

The aim of this article is to promote disaster preparedness education by
providing a general overview of the physical properties, physiologic manifes-
tations, acute management strategies, and current methods of treatment after
exposure to sulfur mustard. Even though sulfur mustard has not been used as
a chemical agent by terrorists, its use still should be considered as a major
potential threat.

History of Sulfur Mustard

Sulfur mustard belongs to the vesicant class of chemical agents. Vesicants are
used to impede rather than kill opposing forces. Opposing forces are hindered
because bulky protective equipment must be worn and other precautionary
measures also must be utilized. Sulfur mustard was the first vesicant to be syn-
thesized and utilized in military warfare. Destructive properties and the
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1822 Belgian scientist Cesar-Mansuete Despretz synthesized an impure uncategorized form of sulfur mustard.
1886 German chemist Victor Meyer created the Levinstein process to purify sulfur mustard. This distilled pure form is
known as HD.
The Germans utilized sulfur mustard for the first time as a chemical warfare (CWA) agent at Ypres, Belgium.
The type of sulfur mustard used during World War | was calied Hun Stoffe abbreviated HS or H and contained
July 1917 20%—-30% impurity.
y During this period soldiers were equipped only with respiratory protection devices.
Inadequate skin protection resulted in over 1.3 million people receiving sulfur mustard-related injuries during
World War | with >90,000 dying.
1935-1936 | Italy conquests Ethiopia using aircraft delivery of sulfur mustard.
1937-1945 | Japan conquests China using chemical warfare agents that include sulfur mustard.
1963-1967 | Egypt intervenes in the Yemen civil war by using sulfur mustard aerial bombs against royalist forces.
1983-1988 | Iraq uses sulfur mustard and nerve agents in the Iran-Iraq conflict.
1987-1988 | lIraq uses sulfur mustard against Kurdish fighters.
Wattana © 2009 Prehospital and Disaster Medicine
Table 1—Timeline and history of sulfur mustard from development to the most current tactical usage®1264
During WWI, sulfur mustard was deposited at night
C H 2C H 2 Cl because decreased nocturnal temperatures increased persistence,
which led to vapor exposure with a rise in temperature during
S the mid-morning hours. Therefore, despite possessing low
volatility, evaporation of the sulfur mustard deposited at night
CH C H _._CL caused more than 80% of the WWI sulfur mustard casualties.}
2 2 Tactically, sulfur mustard was able to persist around the

Wattana © 2009 Prehospital and Disaster Medicine

Figure 1—Chemical formula of sulfur mustard

absence of an antidote make sulfur mustard the most sig-
nificant chemical warfare agent.” Currently, an estimated
100,000 military and civilian casualties have been attrib-
uted to sulfur mustard and approximately 45,000 victims
still suffer from late effects. Sulfur mustard gas has been
implicated as a chemical warfare agent for >70 years, espe-
cially in conflicts occurring in warmer climates. The time-
line and history of the use of sulfur mustard is in Table 1.89

Physical and Chemical Properties

Sulfur mustard (Figure 1) possesses key physical and chem-
ical properties making it an effective tactical agent. Sulfur
mustard has an odor akin to garlic or mustard, exists as a
straw-colored oily liquid, and is hazardous to humans in
both liquid and vapor form.!%12 Sulfur mustard may be
hydrolyzed in water but its poor solubility (0.07% at 10°C)
requires thorough mixing.1%13 Sulfur mustard is absorbed
better by organic solvents and is especially soluble in rub-
ber, porous materials, and food products. Alkalinity and
higher temperatures will increase the rate of hydrolysis.1%14

trenches and gullies of the WWI battlefields. A concentra-
tion of 1-25 mg/m? can be detected 6-12 inches from the
ground. The vapor sinks because the density is greater than
air by a factor of 5.4. In temperate climates with little wind,
sulfur mustard may persist for more than a week.1® The
persistency of sulfur mustard also can be increased using
finely powdered material that also makes the agent difficult
to remove during the decontamination process.

In warmer climates, the persistence of mustards is
reduced, but vapor production increases. In the Middle
East and in Africa, where temperatures of 38°C to 49°C
(100°F to 120°F) are common, the warmer temperatures
facilitate enhanced vaporization.” Conversely, rapid evapo-
ration in warm climates also allows for decreased deconta-
mination efforts. Usage of sulfur mustard by the Japanese
against China provides an example of how the volatility of
sulfur mustard may be increased in colder temperatures by
combination with other vesicants such as Lewisite.'® Sulfur
mustard can be aerosolized by spraying and also can be
released via an artillery shell or bomb. Detonation may
result in the explosion of sulfur mustard due to a flash point
at 105°C (221°F).} This agent also has a high freezing
point of 14°C (57°F), making delivery by aircraft spraying
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Boiling Point

227°C

Vapor Pressure

0.072 mmHg at 20°C

Vapor Density 5.4

Liquid Density 1.27 g/mL at 20°C

Solid Density Crystal: 1.37g/mL at 20°C
Volatility 610 mg/m3 at 20°C
Appearance Pale yellow to dark brown liquid
Odor Garlic or mustard

Water Solubility

0.092 g/100g water at 22°C

Solvent Solubility

Complete in CCl,, acetone, other organic solvents

Wattana © 2009 Prehospital and Disaster Medicine

Table 2—M ajor chemical and physical properties of sulfur mustard!’
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Figure 2a—Biological mechanism of sulfur mustard
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Figure 2b—Biological mechanism of sulfur mustard injury

or dispersal during winter extremely difficult. Therefore,
agents such as chlorobenzene were used during WWI to
lower the freezing point of sulfur mustard allowing for dis-
persal in colder temperatures (Table 2).

No concrete theory exists to describe the biological
effects of sulfur mustard. Although many mechanisms have
been postulated based on documented reaction chemistries,

Wattana © 2009 Prehospital and Disaster Medicine

these theories fail to explain the time lag between the rapid
chemical reactions and resultant tissue damage that occurs
after a delay.'®!8 The most popular explanation is based on
the ability of sulfur mustard to rapidly undergo two first-
order kinetic reactions.!? The first reaction creates a highly
reactive carbonium ion, and the second causes alkylation of
target cellular molecules. Carbonium ion formation occurs
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when two chloroethyl groups undergo a cyclic first order
(SN1) reaction to produce the episulfonium cation inter-
mediate (Figure 2a). The episulfoniom cation then opens to
form the carbonium ion. This second reaction occurs rapid-
ly, resulting in the rapid alkylation of intracellular nucle-
ophilic sulfhydryl and amino group-containing molecules
such as the purine bases of DNA, RNA, and other proteins
(Figure 2b). The depurinatated areas serve as sites for DNA
breakage causing improper template formation during
DNA incorporation that ultimately leads to the formation
of non-functional proteins. Further complications arise
from exhaustion of intracellular repair mechanisms.>1%-21

Besides causing errors in DNA replication and the syn-
thesis of non-functional proteins, others postulate that
over-activation of the polymerase enzyme results in deple-
tion of intracellular nicotinamide adenine dinucleotide
(NAD-+) stores. Depletion of NAD+ begins within an hour
and reaches a maximal amount after four hours.1®
Depletion of NAD+ ultimately results in cell necrosis via
activation of cellular proteases and proinflammatory
cytokines that parallel tissue injury development.10:15:16

These two hypotheses provide a possible explanation for
the observation that sulfur mustard preferentially affects
organs with high cell turnover such as the skin, digestive
tract, and bone marrow. For skin manifestations, studies
have shown that sub-lethally damaged epidermal cells pro-
liferate at a slower rate leading to delayed wound healing
and chronic skin manifestations. In addition, the coagulat-
ed appearance of the skin can be explained by abnormal
bonding between collagen bundles in the papillary dermis
due to the formation of non-functional proteins.??

Toxicity

Four major features contribute to the toxicity of sulfur mus-
tard: (1) latency period between exposure and consequences;
(2) effect of temperature and humidity; (3) different sensi-
tivities of biological tissues; and (4) sensitization potential.?3

1. Latency Period—The high degree of morbidity from
sulfur mustard results from the long latency period
between exposure and acute symptom presenta-
tion.1024 Victims initially are unaware of being cont-
aminated, which leads to decreased decontamination
efforts and continued absorption from clothing. The
latency period ranges from 30 minutes to eight hours
and depends on the amount, modality of exposure,
and environmental factors.2%24

2. Effect of Temperature and Humidity—Only small con-
centrations of sulfur mustard are required to generate
debilitating effects at higher temperatures and humidity.

3. Different Sensitivities of Biological Tissues—Tissues
with a higher rate of metabolism also are affected
preferentially due to sulfur mustard’s mechanism of
action. Victims of sulfur mustard exposure are more
likely to die from chronic pulmonary conditions or
hematopoietic causes than from the acute effects that
may occur immediately after exposure.?*

4, Sensitization Potential—The National Advisory
Council established Acute Emergency Guideline
Levels (AEGLs) for sulfur mustard to facilitate

emergency response planning by state and local gov-
ernment agencies.?2526 Toxicity limits for sulfur
mustard are measured in mg/m?>, are expressed as
LDy, values, and are of an organ-specific route of
administration and species specific.?’

AEGL-1 is the level above which non-disabling,
reversible discomfort may begin to be experienced by some
of the exposed victims. The symptoms for sulfur mustard
are manifested primarily in the eye as conjunctivitis. The
onset of symptoms will be delayed following exposure. At a
level of AEGL-1, exposed persons may not experience
symptoms because calculation of AEGL-1 for sulfur mus-
tard includes a margin of safety. Levels below AEGL-1 do
not cause observed adverse effects.?3

AEGL-2 s the level above which more serious effects may
occur for exposed individuals. For sulfur mustard, AEGL-2 pro-
duces ocular symptoms, such as severe conjunctivitis, photopho-
bia, and involvement of the eyelid. Other organ systems also
become involved such as vesicant burns and respiratory symp-
toms. These effects will still develop several hours after exposure
but will not cause any long-term or permanent effects.?3

AEGL-3 for sulfur mustard is the level above which
exposures may become acutely life-threatening or result in
long-term complications. These symptoms include delayed
cutaneous and more severe respiratory symptoms. AEGL-
3 values still protect against severely incapacitating effects
because designation of these values still are expected to
result in reversibility of symptoms (Table 3).2

The AEGL guidelines are useful in acute emergency
situations because the three zones of health effect end-
points are devised in a time-dependent manner applicable
for the duration of 10 minutes to 8 hours post-exposure.?8
The AEGLs in conjunction with site-specific knowledge
and known population characteristics within each delineat-
ed zone, allows disaster planners to estimate toxic effects for
victims and responders.?0 These new guidelines with incor-
porated CWA-AEGL values provide a useful estimate of the
geographic area of highest risks in relation to exposure time.

These four major features: (1) latency period between
exposure and consequences; (2) effect of temperature and
humidity; (3) different sensitivities of biological tissues; and
(4) sensitization potential contribute to the toxicity of sul-
fur mustard. A tentative prediction of the effects that this
agent may have on affected individuals can be assessed
based on these variables. Although lethal dosages of sulfur
mustard have been recorded, exposure results in substantial
morbidity but rarely does exposure result in mortality.??

The Material Data Safety Sheet (MSDS) of the US
Army Soldier and Biological Chemical Command (SBC-
COM) list median LD50 doses of sulfur mustard by skin
absorption of 100 mg/kg in humans.?’

Clinical Manifestations

Acute

Injury from sulfur mustard exposure occurs via direct
absorption by the skin and the eyes or by inhalation into the
respiratory tract. High doses of exposure after absorption
may lead to systemic toxicity resultin% in bone marrow, gas-
trointestinal, and renal effects.10:16:27 The acute effects of
sulfur mustard exposure on organ systems follows.
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- Single Episode Sulfur Mustard
Category Characteristics Exposure Duration | Concentration (mg/m3)
10 min 0.40
Symptom manifestation, when 30 min 0.13
AEGL-1 (Non- present, is mostly ocular in
Disabling) Detectable nature with no long-term 1hr 0.067
complications. 4 hr 0.017
8 hr 0.0083
Exposure does not produce 10 min 0.60
disability, impair escape, or result 30 min 0.20
in permanent or long-term
AEGL-2 (Disabling) Discomfort effects. An increased chance of 1hr 0.10
eye irritation and possible
delayed vision impairment is 4 hr 0.025
possible 8 hr 0.013
i L 10 min 39
Exposure incapacities individuals -
resulting in need for outside 30 min 2.7
N A assistance. Exposure may result
AEGL-3 (Lethal) Disability to lethal in permanent or long-lasting 1 hr 2.1
ocular, respiratory, cutaneous, 4 hr 0.53
and systemic effects
8 hr 0.27

Wattana © 2009 Prehospital and Disaster Medicine

Table 3—Characteristics of each Acute Emergency Guideline Level and corresponding concentrations of sulfur

mustard in relation to duration!328
Ocular Manifestations
The interface between the aqueous cornea and conjunctival
mucosa provides an optimal environment for rapid pene-
tration and extended tissue exposure. The corneal epitheli-
um has a high intrinsic metabolic rate and rapid turnover
rate causing these cells to be preferentially affected by sul-
fur mustard. Ocular endothelial cells exposed to sulfur mus-
tard undergo apoptosis resulting in dosage-dependent
effects after a time lag of 30 minutes to eight hours.!1,242°
The relatively low dosage threshold for symptom onset
makes the eye the most sensitive organ to sulfur mustard
exposure. Ocular manifestations have been documented in
up to 90% of the individuals exposed to mustard gas during
World War 1. A review of Iranian casualties reported that
conjunctivitis occurred in 85% of all Iranian casualties with
8% of these casualties sustaining long-term conse-
quences.! 124 The acute ocular manifestations of sulfur mus-
tard are grouped into three categories of injuries based on
severity. These are (1) mild; (2) moderate; and (3) severe injuries.

Mild Injurie—Symptoms are described as a foreign body
sensation within the eye and feelings of soreness. The eye
may become bloodshot in appearance and physical exami-
nation reveals vessel engorgement and edema within the
conjunctiva. The cornea is spared and total recovery occurs
within a few days.1020

Moderate—Moderate injury affects the cornea, conjunctiva,
and eyelid. Physical examination findings include the same
findings as in mild injury but to a more severe degree along
with blepharospasm and chemosis. Fluorescein examina-
tion of the cornea reveals erosions ranging from small pin-
point to larger sized defects.1%:3

Severe Injury—Severe ocular manifestations with extensive
injury occur after exposure to high concentrations or direct
droplets of sulfur mustard into the eye. Besides exhibiting
symptoms consistent with mild-moderate injury, inflamma-
tion of the anterior chamber, with a concomitant, transient rise
in intra-ocular pressure can occur. The eyelid also may exhibit
signs of first- or second-degree burns. Whitening of the nasal
and temporal limbus occurs due to necrosis of the limbal vascu-
lature within the deeper corneal layers. Fluorescein examination
reveals large corneal lesions that may lead to the development of
symblepharon formation. Although documented, symble-
pharon formation is a relatively rare phenomenon because

conjunctival lesions from sulfur mustard usually are limited to
the interpalpebral fissures. 102430

Respiratory Manifestations

The extent of respiratory symptoms from acute sulfur mus-
tard exposure depends on duration of exposure and the
amount of agent that has been inhaled.1%2? Onset of symp-
toms usually begins 4~16 hours after initial exposure with
edema and erythema extending from the nasal mucosa to
the terminal bronchioles. Low inhaled concentrations of
sulfur mustard produce pain inside the nose and sinuses
accompanied by rhinorrhea, sneezing, and sore throat.
Increasing concentrations of vapor cause development of a
non-productive hacking cough and aphonia due to irrita-
tion and necrosis of laryngeal, tracheal, and bronchial
epithelium. Severe exposure can cause airway obstruction,
pulmonary hemorrhage, and respiratory failure due to forma-
tion of purulent discharge and pseudomembrane formation
from necrosis and ulceration of upper airway epithelium.
Respiratory infections, particularly with Pseudomonas may
develop 36—48 hours after exposure causing bronchopneu-
monia and ultimately death.1? Recovery from acute expo-

January — February 2009

https://doi.org/10.1017/51049023X0000649X Published online by Cambridge University Press

http://pdm.medicine.wisc.edu

Prehospital and Disaster Medicine


https://doi.org/10.1017/S1049023X0000649X

24

Mustard Gas or Sulfur Mustard

sure varies depending on presence of secondary infections
and may take 1-2 months.’

Skin

Areas of the body that possess a high sweat gland concen-
tration, such as the groin and axillae, help facilitate sulfur
mustard absorption.1%12 Acute effects develop after a laten-
cy period of up to 24 hours.>12 Although symptoms usual-
ly do not develop before 12 hours after initial exposure,
studies involving the pediatric population or with high con-
centrations have documented that symptom onset can
occur as early as 2-3 hours after the exposure.!!

Momeni ef a/ characterized the cutaneous manifesta-
tions of sulfur mustard in a review of 535 patients admitted
to the dermatology ward during the Iran-Iraq conflict
(1980 to 1988).3! After the latency period, 67% of patients
developed erythematous lesions in the axillae, nape of the
neck, chest, face, and genitals accompanied by subjective
feelings of itching and burning within these areas.
Erythema either progressed to formation of small vesicles
and bullae or resolved after 2-3 days. Fifty-five percent of
patients developed bullae and blisters on sites previously
affected by erythema, but sites without previous lesions also
were affected. The bulla varied in size and developed on the
periphery of erythematous skin after 2-18 hours of erythe-
ma.3! Bullae fluid is not toxic and poses no threat to the
patient or healthcare provider.!! After the bullae coalesced,
epidermal necrosis occurred causing full thickness skin loss
and ulceration resulting in areas of raw exposed dermis. An
eschar appeared approximately 72 hours after exposure and
sloughed off in 4-6 days.2* Ultimately, healing occurred in
2-3 weeks after moderate exposure or 612 weeks after the
initial full-thickness erosion. Resulting changes in pigmen-
tation were seen in 20.4% of patients and included
hypopigmentation of damaged cells and an area of sur-
rounding hyperpigmentation indicative of an area of sub-
lethally damaged cells. The article by Momeni ez a/ also
contains several color photographs of sulfur mustard victims
depicting the damaging blistering effects to skin and mucosa.?!

Systemic Complications
Systemic symptoms caused by sulfur mustard mimic those
induced by radio- or chemotherapy. General symptoms
such as nausea, headache, vomiting, and loss of appetite are
reported from low-dose exposure. Systemic complications
due to high dose exposure affect the gastrointestinal tract
with symptoms, such as diarrhea.3? High dosage exposure
also affects the bone marrow.33

Tabarestani ez a/ examined the effects of sulfur mustard on
bone marrow in a study that demonstrated dose-dependent
manifestations consistent with decreased cellularity and
nuclear atypia of erythrocyte precursors. These findings sup-
port the predisposition of sulfur mustard to alkylate rapidly
dividing cells.> Polymorphic leukocytosis can be seen in the
first three days after acute exposure, but decreases dramati-
cally afterwards reaching a minimal level around the ninth
day3*37 During this period, bone marrow biopsies show
hypo-cellular marrow and pancytopenia.3* Severe leukopenia
was reported in half of the most severely exposed patients
during the Iran-Iraq conflict.3333:3¢ Leukopenia causes an

increased susceptibility to secondary infections leading to
higher mortality rates. In a retrospective chart review of 65
patients evacuated to Europeans hospitals during Iran-Iraq
war, Willems found that sulfur mustard victims with a white
cell count of <200 cell/mm3 had a higher probability of
mortality during initial hospital admission.3”

Chronic Effects

Ocular Manifestations—T he long-term ocular effects of sul-
fur mustard exposure are categorized into one of three
types: (1) complete resolution without further inflamma-
tion; (2) persistent symptoms consistent with a chronic
course; and (3) late-onset lesions appearing many years
after an asymptomatic initial exposure. Chronic and
delayed mustard gas effects are characterized by involve-
ment of the conjunctiva, limbus, and cornea. 2529

1. Complete Resolution—Several hours after exposure,
the corneal epithelium vesicates and sloughs leading
to decreased visual acuity. If untreated, recovery still
begins within 48-72 hours and full regeneration of
corneal epithelium occurs within 4-5 days. Complete
symptomatic recovery may take up to six weeks. The
patient still may complain of photophobia after the six-
week period, but eventually, all symptoms disappear.®?

2. Persistent Chronic Course—Ongoing inflammation
produces symptoms, such as photophobia, foreign
body sensation, and dry eye that are consistent with a
chronic course. Conversely, ongoing inflammation
may be asymptomatic, leading to a false sense of res-
olution. Physical examination findings, such as limbal
ischemia, corneal erosions, and corneal neovascular-
ization also may be observed. Persistent inflammation
ultimately results in corneal irregularity and thinning
that may lead to perforation.>2?

3. Late Onset—Delayed manifestations can present
with an abrupt onset within a timeframe of anywhere
from 1 to 40 years after initial exposure. Characteristics
attributed to delayed manifestations include limbal
ischemia, corneal neovascularization, thinning, and
irregularity, chronic blepharitis, Meibomian gland
dysfunction, and dry eye. Patients with delayed
symptom onset also subjectively report experiencing
the same complaints that recur following acute expo-
sure such as photophobia, tearing, and decreased
visual acuity. Late onset symptoms also exacerbate
and remit in an unpredictable manner. Both eyes
usually are affected, although the extent of involve-
ment may be asymmetrical 2’

Respiratory Manifestations

Various studies indicate that late onset symptoms can occur
15 years after exposure in initially asymptomatic individu-
als. These respiratory complaints consist of dyspnea, chron-
ic cough, and increased phlegm production. Among these
individuals, the pulmonary physical examination showed
clubbing, wheezing, rales, and decreased breath sounds.
Airway hyper-responsiveness and chronic bronchitis are
other common late respiratory effects. Recurrent respirato-
ry infections also cause development of bronchiectasis.?
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Sulfur mustard is a known chemical carcinogen, but
confounding factors make it difficult to determine if expo-
sure to sulfur mustard alone leads to cancer in exposed per-
sons.$3338 Epidemiological studies have shown that
American soldiers exposed to sulfur mustard during WWI
had a higher incidence of lung cancer.3® These studies also
suggest that Japanese factory workers filling mustard
ammunition during WWII had a higher incidence of can-
cer of the upper respiratory tract.3

Skin

A study of 40 male subjects exposed to sulfur mustard
16-20 years earlier shows that the most common chronic
cutaneous complications are hyperpigmentation (55%), dry
skin (40%), multiple cherry angiomas (37.5%), atrophy
(27.5%), and hypopigmentation (25%). Although mustard
scar formation is the characteristic long-term sulfur mus-
tard skin lesion, it is reported in only 2-13% of chronic
complications."'0 Shohrati ef a/ found the most common
chronic complaint to be pruritis followed by burning, pain,
and redness. The same authors also found the genitalia,
face, and axilla to be the most affected areas.> Mustard scars
vary in shape and can have an atrophic, hypertrophic, or
keloid appearance. Persistent skin conditions such as
eczema, seborrheic dermatitis, cherry angioma, and
urticaria also have been shown to be associated with sulfur
mustard exposure. Although sulfur mustard possesses car-
cinogenic effects, data do not support an increased risk of skin
cancer in victims of a short-term sulfur mustard exposure.?

Specific Treatment

Eyes

Initial management consists of rapid and copious irrigation
of the eye after exposure to sulfur mustard. Solutions such
as 0.5% hypochlorite that work well for the skin cannot be
utilized to irrigate the eye. A solution of 0.9% buffered
saline or plain water is recommended. Once irrigation is
performed, treatment is focused on symptomatic manage-
ment. Soothing eye solutions are helpful to treat pain asso-
ciated from eye injuries. Petroleum can also be used on the
lid margins to minimize adherence and to help drain the
excessive fluid that results from conjunctivitis and ble-
pharospam. Topical antibiotics, corticosteroids, and cyclo-
plegics also may be used for more severe lesions. Chronic
delayed effects such as dry eye are treated symptomatically,
and more serious effects, such as keratopathy are treated
with corneal transplantation.1%-24

Skin
The treatment of cutaneous complications due to sulfur
mustard is based on symptomatic management as well.
Chemical burns from sulfur mustard are treated in the
same manner as second-degree thermal burns. Analgesics,
opioids, and cooling of affected areas are ways to treat asso-
ciated pain while antihistamines are used to control itching.
A solution consisting of 1% phenol and 1% menthol mixture
also can be used to control sulfur mustard induced pruritis.*!
Although the initial cutaneous injury caused by sulfur
mustard is superficial, subsequent bulla formation results in
histopathological changes reflective of dermal injury that

ultimately results in delayed healing times. Momeni ez a/
showed that large bullae that are opened and drained dur-
ing the first 24 hours of onset resulted in more rapid heal-
ing of 1-2 weeks rather than 4—6 weeks.3! Sterile dressings
with topical antibiotics or silver sulfadiazine cream also can
be used to treat cutaneous injuries caused by sulfur mustard.
Current research into post-exposure therapy is divided
into: (1) therapy prior to the advent of lesions; and (2) ther-
apy that will expedite healing of skin lesions after formation
occurs. Extensive ongoing research is being conducted into
post-exposure agents that may lessen the amount of sulfur
mustard damage. These agents act in a variety of mecha-
nism such as electrophilic scavenging of oxidative species
and DNA-repair enzymes.*! The use of carbon-dioxide
laser debridement to shorten wound healing currently is
being used and studied.*?** Studies show that laser
debridement promotes wound healing at the cellular level
by eliminating cytologically atypical cells, removing alkylat-
ed laminas that play a major role in delayed healing, as well
as other mechanisms. The use of lasers also allows for
debridement to occur in a relatively bloodless field and a
reduction of infection risk because instruments are not
directly introduced into the wound.** Research also focus-
es on treatment for chronic wounds via inhibition of pro-
tease deregulation. The control of proteases plays a major
role in remodeling and re-epithelization of the dermis.*

Respiratory

Acute management of respiratory complications involves
symptomatic management with the use of supplemental
oxygen, cough suppressants, moistening the air for upper
respiratory symptom relief, and assisted ventilation.!? The
risk for development of pneumonia and other bacterial
infections is highest approximately one week after initial
exposure. Victims exposed to high doses of sulfur mustard
also may experience laryngospasm. If these victims present
with or develop stridor and hoarseness, early tracheostomy
is recommended. Bronchoscopy through the stoma also
may be necessary to remove pseudomembranes and
debris.!® For patients with chronic bronchitis from sulfur
mustard exposure, inhaled corticosteroids and long-acting
beta-2-agonists have been found to be effective.*

Systemic

Oral antibiotics should be considered to sterilize the gastro
intestinal tract and protect damaged intestinal mucosa in
patients with cell counts <200 cells/mm?. Granulocyte-
macrophage colony-stimulating factor (GM-CSF) and
granulocyte colony-stimulating factor (G-CSF) should be
also considered to counteract severe sulfur mustard-induced
Ieucopenia.19

Sulfur Mustard as a Terrorist Threat: Preparedness

After 11 September 2001, an enhanced desire for commu-
nity preparedness prompted more research and planning
for a mass-casualty incident triggered by sulfur mustard,
even though this agent never has been used in this type of
setting.#64/ To date, sarin, a nerve agent, is the only docu-
mented chemical that has been used in a terrorist setting.”
A disaster plan should include interdisciplinary collabora-
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tion between physicians, paramedics, firefighters, toxicolo-
gists, and law enforcement.*® An all-hazard approach is
critical to improving public health preparedness.* The goal
of any emergency medical response plan is to create a rapid
and efficient approach with the following five goals: (1)
rapid recognition and identification of contaminant; (2)
prevention of further contamination; (3) stabilization of
medical conditions; (4) decontamination of victims; and (5)
triage of victims. (Personal Communication, Kahn CA,
May 2008).50
1. Rapid Recognition and Identification of the
Contaminant—This is the first step for efficient
mass-casualty decontamination. Any device used to
detect CWA vapors must meet five essential require-
ments: (1) law detection limit; (2) high selectivity; (3) law
response time; (4) ca;aacity of compound identification;
and (5) portability.>! Although time-consuming, gas
chromatography/mass spectrometry (GC-MS) is the
gold standard for chemical agent detection. Gas
chromatography/mass spectrometry can be used to
identify chemical agents at low concentrations.52-54
Modification advancements of the traditional GC-
MS method have yielded enhanced detection speed.
Bowerbank ez a/ report that rapid and correct identifica-
tion can be achieved by solvating gas chromatography
(SGC) coupled to an aerosol chamber and time-of-
flight mass spectrometer.>® The Thermodesorber-Gas
Chromatograph-Mass Spectrometer System (TD-
GC-MS) is another sophisticated and accurate tech-
nique for analysis of trace concentrations of airborne
chemical agents.”®
Current research focuses on increasing the sensitiv-
ity and lessening the false-positive values for more
mobile, versatile, and rapid chemical detection meth-
ods. The use of detection tubes provides high speci-
ficity for detection of airborne chemical agents and
values can be compared to the AEGL-limit values for
health risk determination.’? Other types of chro-
matography are being explored, such as packed capil-
lary liquid chromatography-electrospray ionization
mass spectrometry (LC-ESI-MS). D’Agostino e a/
demonstrated that LC-ESI-MS, when compared to
the GC-MS standard, had similar sensitivity, but was
better suited for chemical a§ents that had lower
volatility than sulfur mustard.”’ Future advancements
for more rapid and specific detection methods will
improve the speed with which decontamination
efforts occur. This will allow for more correct mapping
of decontamination areas, adequate protection for first
responders, and appropriate medical care for victims.>?
2. Prevention of Further Contamination—Responder safety
is important during victim decontamination. The level
of personal protective equipment (PPE) used depends
on the zone and function of the healthcare provider.
Exposure within highly contaminated areas requires full
level-A protective gear. Level-A gear also is utilized if
identification of the CWA is unknown. Level-B gear is
used by people working in the decontamination zone or
other areas away from the main site of contamination.
Leakage for a level-B full-faced respirator should be less

than 0.001%.52°8 Sulfur mustard can penetrate through
latex; therefore, gloves should have an outer layer made
of butyl rubber for chemical protection and an inner
globe for the absorption of perspiration and water to
provide protection for approximately six hours of work
with a contaminated surface.’2 Level-C protection is
used in areas excluding the main site of decontamina-
tion if the type and air concentrations of the contami-
nant have been identified. Level-D protection does not
afford any protection for healthcare providers working
with contaminated victims.

On-site responders of CWA attacks should wear
either a level-A PPE if they are working directly in
decontaminated areas or level-B PPE if they are work-
ing in decontamination areas (Table 4). There is an
increasing need for the creation of standard hospital
PPE guidelines.>? Many hospitals currently use level-
C PPE due to the assumption that victims arriving at
a hospital are minimally contaminated. Several experts
in PPE urge for higher PPE levels in hospitals because
enhanced protection might become necessary since
the hospital could serve as a target and it is likely that
hospitals will receive contaminated victims that have
circumvented initial decontamination efforts.>%5°

. Stabilization of Medical Conditions—Medical stabi-

lization within contaminated areas consists of a basic
assessment for hemodynamic, respiratory, and neuro-
logical status.#’ Since sulfur mustard has a latency
period, most victims develop early ocular and respi-
ratory symptoms only after a high-dose-exposure.
Although high-level PPE gear hinders dexterity and
the performance speed for life-saving medical proce-
dures, Garner e a/ showed that workers in PPE
level-A gear are able to perform airway maintenance
in a clinically acceptable timeframe.’® In this study,
researchers used the laryngeal mask airway (LMA)
and demonstrated that establishment of an airway
using a LMA could be performed in the highest level
of PPE under appropriate timing. Although this
study suggests the use of an LMA as a possible ini-
tial airway management method, sulfur mustard can
cause supraglottic swelling and edema, which are
classic contraindications for the use of LMAs.
Therefore, it is emphasized that this recommenda-
tion should be viewed with caution and that more
research is needed to determine the efficacy and fea-
sibility of LMA usage in this setting. If a LMA or an
Intubating LMA were to be used, after victims are
decontaminated and moved to a stable area, the
LMA insertion should be followed by endotracheal
tube intubation, especially since exposure to high sul-
fur mustard concentrations may results in upper air-
way mucosal swelling, necrosis, or obstruction.

. Decontamination of Victims—Since fixation of sulfur

mustard occurs rapidly, decontamination efforts must
focus on preventing continued exposure.60

Removal of sulfur mustard from the skin to pre-
vent further contamination is the primary focus, but
decontamination efforts also may be needed for eyes
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Level Description
A Fully encapsulated and chemically resistant suit with integral gloves and boots with a self contained breathing apparatus
B Chemically resistant suit, gloves, and boots, with full-faced respirator using positive pressure
C1 Chemically resistant splash suit, boots, and gloves with positive pressure respirator
c2 Chemically resistant splash suit, boots, and gloves with negative pressure respirator
D Work uniform with minimal protection, no breathing apparatus required

Table 4—Different levels of personal protective equipments&s9

and skin wounds. The first step for sulfur mustard
decontamination is removing clothing. Removal of
clothing eliminates 80-90% of the contaminate and
should occur within the first two minutes to mini-
mize penetration into the skin and mucosa.®® Under
realistic conditions, this is a difficult task. Clothing
acts as an occlusive dressing that increases absorption
and prevents evaporation. Patients exposed to sulfur
mustard may be asymptomatic leading to a false
sense of safety. In public situations, hesitant victims
must be encouraged to remove their clothing.
Removed clothing should be placed in an airtight
container or double-bagged and left at the hazard
scene to prevent further contamination 526!

Other alternative forms of decontamination
include absorbent powders such as Fuller’s earth
(FE), a clay-like, earthy material. Fuller’s earth has
been shown to be an effective broad-spectrum adsor-
bent for chemical agents such as sulfur mustard.
Fuller’s earth does have drawbacks such as dust cre-
ation and inability to detoxify chemical agents.
Therefore, more research into broad-spectrum, liquid
chemical decontaminating and detoxifying agents is
being conducted. An example of a liquid decontami-
nation and detoxification agent is the Canadian
Reactive Skin Decontamination Lotion (RSDL).
This lotion was designed as a combination barrier
cream and skin decontaminant.%3 Reactive Skin
Decontamination Lotion has been shown to dissolve
liquids from the skin surface and has detoxifying prop-
erties due to the possession of a nucleophilic compound.

Taysee er a/ demonstrated that FE and RSDL
both were able to decontaminate sulfur mustard from
pigskin, but RSDL had slightly better efficacy if used
five minutes after contamination, due to its ability to
counteract the progression of the early inflammatory
process that leads to dermal changes. In this study,
efficacy was measured by the degree of histopatho-
logic dermal changes. Once sulfur mustard is fixed
into the skin, the study showed no difference
between FE and RSDL. Previous studies noted that
FE was found to be less effective than RSDL when
applied at four minutes on skins of guinea pigs.t®

If possible, victims should wash with soap and
water after the removal of clothing. Water with or
without soap produces equivalent or better results

Wattana © 2009 Prehospital and Disaster Medicine

than FE if used in a timely manner.%® The eyes also
should be irrigated copiously for 5-10 minutes.
Studies during the Iran-Iraq war showed efficacy
using copious soap and water lavage. During decon-
tamination of larger communities, the use of Hazmat
tents and trailers for soap and water decontamination
should be available, but setup may be time-consum-
ing and logistically difficult. The use of spray tunnels,
pre-soaked towels, and other methods have not been
examined in detail. If water is not available, an alter-
native solution consists of fresh 0.5% hypochlorite
solution at pH of 1011 for the skin.®0

Currently, none of the available topical decontami-
nants have been useful once sulfur mustard has pene-
trated deeper into the skin. Therefore, regardless of
additional decontamination strategies, it is important
to remember that physical removal of sulfur mustard
via clothing removal and rapid removal of victims from
contaminated areas is the most important measure.®0

. Triage of Victims—Levitin et a/ classified victims into

one of three categories: (1) deceased; (2) non-ambu-
latory injured; and (3) ambulatory injured and ambu-
latory worried well, in order to allow for more rapid
identification, evacuation, and treatment of exposed
civilians. The classification into the category “worried
well” in the context of a sulfur mustard exposure may
be misleading for healthcare professionals since pain,
skin lesions, and respiratory toxicity may be delayed
for several hours, and patients potentially may be
triaged as “healthy” or have a false sense of security,
thus avoiding medical attention. Deceased victims
should be bagged or decontaminated on-scene to
prevent exposure of healthcare providers and other
victims. The non-ambulatory injured group must
undergo decontamination prior to transport, and this
group comprises a small percentage of survivors. The
ambulatory injured and worried well comprise
80-90% of survivors. According to Levitin ez 4/ these
individuals will transport, themselves to the hospital,
evacuate themselves from the area of chemical
release, or will not seek care. After initial triage, all
victims exposed to sulfur mustard should undergo a
secondary medical evaluation and monitoring for
signs and symptoms of a vesicant toxicity. These
Levitin categories only should be considered for the
initial triage of sulfur mustard-exposed victims.%!
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This triage protocol has not been tested in a real situation.
It may over- or under-triage individuals exposed to sulfur
mustard in terms of severity of illness and outcome.

The hospital disaster plan must consider the pos-
sibility of the contaminated ambulatory injured and
working well victims arriving at the hospital so that
proper precautions for healthcare workers and other
patients are used.?

Conclusions

Sulfur mustard is a chemical agent that is cheap and easy to
manufacture, has the potential to cause long-term medical
complications, and has the capacity to impact large groups
of people simultaneously. Until now, sulfur mustard only
has been used by governments as a military weapon. Sulfur

mustard is a chemical warfare agent, which, in case of a civil
attack, has the potential to overwhelm existing public
health resources. Disaster planners should consider creating
protocols to prepare for a large-scale, civilian, chemical
threat like sulfur mustard and for surge capacity in disasters
in general. Disaster plans should include and focus on the
collaboration of different local and regional organizations
and the educator, and training of first-line, and healthcare
professionals in the rapid recognition and prevention of
secondary contamination. Triage, evacuation, treatment
protocols, and preparation of adequate surge capacity are
further important components in a successful disaster plan.
Disaster plans should take an all-hazard approach and
should be integrated into a local and national framework in
order to be efficient, flexible, and practical.
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Drs. Wattana and Bey are to be congratulated for an excellent paper on the
chemical agent sulfur mustard. The paper is a detailed analysis of the litera-
ture and serves as a definitive reference paper on sulfur mustard.

As described in the paper, sulfur mustard was used extensively during
World War I and in the 1980s Iran-Iraq conflicts. Further, reserves of sulfur
mustard developed for use in World War II still are in the process of being
destroyed.!? It is important to realize that, as stated by the authors, sulfur
mustard is cheap and easy to make. Study of mustard vapors and liquids allows
for review of all the characteristics of toxic irritant chemicals including poiso-
nous industrial gases. In the classic 1921 novel, Three Soldiers, written by John
Dos Passos that describes his ambulance attendant experiences during World
War I, there are clear descriptions of the effects of mustard and other gases
used as weapons. He describes the frequent use of chemical weapons with the
insidiousness of symptoms of initial exposure, delayed symptoms causing hor-
rid death, and the devastating psychological impact of the use of these
weapons. Considering these characteristics and effects of sulfur mustard, it is
important to realize that this inexpensive and easily formulated chemical agent
always will be a threat as a device for use in human conflict and terrorism.

These comments address some of the less technical aspects of mustard and
similar air-borne toxins, focusing rather on the triage of multiple casualties
that result from toxic vapor exposures, education of emergency responders for
response to such hazards, and expectations for decontamination of persons
exposed to hazardous vapors. While sulfur mustard is classified as a chemical
that has no uses outside that of being a chemical weapon by the internation-
al Chemical Weapons Convention, it serves as the ideal hazardous chemical threat
with which to model emergency medical mitigation and response planning.3

Recently, there has been great interest in improving mass-causality triage
and rapidly transporting victims of mass-casualty incidents from the field to
more definitive care. Mass triage traditionally focuses on large traumatic inci-
dents such as bombings and train accidents. In these settings, it is traditional
for rescuers to rapidly move into the event area to initiate triage. An aspect of
response to these multi-victim incidents is that there is high risk for ignoring
scene safety before rescuers enter the event zone. The issue of scene safety is
a considerable problem when considering mass-victim poisonous vapor and
gas events.*

Sulfur mustard is an excellent example of a hazard for which rescuers could
unknowingly enter a danger zone to attempt rescue and triage, and become
victims themselves. Sulfur mustard, hydrogen sulfide, and various hazardous
industrial vapors have high potential for being poorly recognized by someone
with significant exposure to the poisons. Without proper training in the
awareness of risk for potential exposure to such chemicals in unsecured rescue
settings, field responders are at high risk for sustaining chemical injury. The
risk for exposure to airborne and liquid poisons, such as sulfur mustard, must
be recognized by field responders so that they understand the need for prop-
er equipment and securing the safety of a scene before entering. Ensuring
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scene safety particularly is important when approaching
potential terrorist attack sites because sulfur mustard or
other chemical agents can be deployed jointly with a bomb
or other device and may initially be unrecognized.

In their paper, Drs. Wattana and Bey describe the clas-
sic symptoms that occur with initial contact to irritant
chemical vapors and gases. The importance of educating
emergency responders to be aware of the initial symptoms
of potential toxic vapors and gases must be emphasized
continually. Mucous membranes and the conjunctiva often
are most sensitive to a toxic vapor or gas exposure, and, in a
emergency medical response situation, eye irritation, nasal
and throat irritation, and respiratory distress must be con-
sidered a strong sign of potential aerosolized hazardous
material exposure and the need to immediately evacuate the
scene or isolate the potential source. As with scene safety,
recognition of the subtle symptoms that may indicate expo-
sure to air-borne hazardous materials is important not only
in the field, but in the accident and emergency department
that may be receiving a contaminated patient.

Discussion of sulfur mustard allows for the exploration
of the proper tactic for decontamination of individuals
exposed to potentially hazardous liquids, vapors, and gases.
While techniques for decontamination have been well-
explored, decontamination strategies have not been established.
Decontamination in the field is considered the foundation for
maintaining safety for healthcare workers and limiting sec-
ondary contamination. While decontamination is a well-
defined field practice, it may be of a limited nature or
ignored.* Failures to properly decontaminate in the field
when indicated is an error that leads to secondary contam-
ination of ambulances and receiving hospital accident and
emergency departments. This secondary contamination
leads to loss of resources for response to large scale events
as ambulances and emergency-accident wards then must be
taken out of service for decontamination. A conservative
approach to potential secondary decontamination by
receiving hospital facilities is to proceed with decontamina-

tion procedures for all victims arriving from the field
regardless of reported decontamination attempts in the
field. Experience by this author has been that when there is
one to two hazardous exposure victims in the field, those
victims are thoroughly decontaminated before transport
and pose little risk to the receiving medical facility. When
more than a few victims are involved, there is a tendency to
decrease the thoroughness of decontamination and focus
more on efforts to move victims away from the scene as
quickly as possible. Realizing that allowing one contami-
nated individual into the treatment area of an accident and
emergency department will result in multiple secondary
exposures and the need to close that medical unit to incom-
ing traffic allows for support of an aggressive approach
toward secondary decontamination of all victims of haz-
ardous exposures upon arrival to a receiving facility.
Accident and emergency department medical care
providers should be well-versed in decontamination proce-
dures and have the appropriate equipment and physical
locations to effect proper decontamination.’ It also is
important that those in authority positions in an accident
and emergency department take an aggressive early leader-
ship role to provide secondary decontamination procedures
and limit unrestricted entry into the treatment areas.®

In summary, Drs. Wattana and Bey have presented an
authoritative paper on sulfur mustard that will serve as a
detailed medical reference resource. The risk of sulfur mus-
tard as a chemical weapon cannot be ignored because it is
inexpensive, easy to produce, and has proven to be a formi-
dable agent. Study of the chemical and physical aspects of
sulfur mustard strongly supports training emergency
responders in the need to always be aware of scene safety
and their own subtle physical symptoms of potential hazardous
exposure when performing rescues. Finally, a conservative
approach to decontamination is rational when considering the
risk of secondary contamination and loss of medical care
resources if a contaminated victim is inadvertently allowed
to enter an accident and emergency department.
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