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Following the publication of the JRAMC
special edition series on CBRN incidents,
these self-assessment exercises are intended
to highlight the principles of CBRN
management. In civilian practice, the term
CBRN is used to describe the deliberate
release of hazardous materials, while in the
military context the term covers nuclear,
radiological, biological and chemical
warfare agents, toxic industrial agents and
any other hazardous material or exposure
that may be encountered during operations.
Some authors also use the extended term
CBRNE with the last letter representing
either explosion or environmental.

You are a Medical Officer deployed to an
area with a high risk of asymmetric attack.
The scenarios will consider triage,
contamination (and / or contagious), and
the effects of exposure (the four I’'s —
intoxication, infection, irradiation and
injuries).

Chemical

1. A small improvised explosive device
(IED) detonates within a hotel atrium.
There are several casualties and emergency
responders notice a liquid residue around
the scene and on the casualties. You assume
the role of the Medical Incident
Commander (Silver Doctor).

a. How will you manage the scene?

b. What is the significance of the
residue and how might it be
identified?

Following the explosion, four casualties are
presented to the Triage Officer (see Table 1).

c. How might the casualties be

triaged?

Table 1 — Casualty details

Walking, clothing covered in thick
liquid RR 16, CRT < 2s

Fitting, salivating, pin point pupils
RR 28, CRT < 2s

Respiratory arrest

Excess secretions and vomit in airway

1

Walking, fails to respond correctly to
verbal commands. RR 20, CRT < 2s

RR - Respiratory Rate, CRT —
Capillary Refill Time

4

Biological

2. During the deployment, several personnel
present over a three-day period to the sick
parade with cough, arthralgia and flu-like
symptoms. A number of the patients have
temperatures in excess of 39°C.

a. What are the priorities in the
management of these cases?

b. What would the initial
management of these cases be?

clinical

Radiation / Nuclear

3. A transportation accident has occurred
close to the base area, a small package is
found with the following label.

a. What are the three principles of
reducing the risk from this hazard?

b. Is this a nuclear device?

c. If the packaging has been damaged,
how would any contaminated
personnel be managed?

Miscellaneous

4. The Duty Medical Team is called to an
area of scrubland. A 21-year-old soldier has
been bitten by a snake. There are several
poisonous species in the area. He is agitated
and lying on the ground. The bite was
approximately 12 minutes ago and the
nearest medical facility with antivenin is an
hour by ground.

a. What initial first aid procedures
should be carried out?

b. Is the immediate identification or
capture of the snake necessary for
definitive treatment?
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c. What definitive treatment is available
for animal envenomations?

Answers to self assessment
questions
Question 1

Major Incident declared or standby
Exact location

Type of incident

Hazards

Access

Number of casualties

Emergency service on scene/required

Z T

Table 2 — METHANE report

a. Any major incident, whether deliberate,
accidental, conventional or CBRN should
follow the same major incident
management framework (CSCATTT)
based on the Major Incident Medical
Management and Support (MIMMS)
doctrine, widely used by UK civilian
agencies and NATO(1). Following the

245

initial METHANE report (Table 2), the
presence of the Hazard will require
additional considerations such as the
prevention and mitigation of contamination
(or contagion), the identification and
management of the effects of exposure
(intoxication, infection, irradiation and
injuries) and definitive treatment. This can
be summarised in the Figure 1 below.

A civilian scene with a chemical hazard will
be divided into:

M hot zone — an area where there is a risk of
primary contamination

B warm zone — an area where there is a risk
of secondary contamination from
equipment and casualties. This area is
usually the decontamination area.

M cold (post decontamination) zone — this
is the clean area(2).

Some military responses will have only two
areas with the hot and warm zones merged
into a single dirty zone.
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Fig 1. CBRN Major Incident concepts

b. Until formal identification, the liquid
residue may be any number of substances
including a specific chemical agent released
by the explosion, by-products of the
explosion, simple condensation, or residue
from an incomplete or failed detonation. As
well as specific risks from the residue, there
may be products of combustion, particulate
material and biological debris. In some

circumstances, such as active combustion
and dense gas release, there may also be
areas of oxygen depletion.

The physical characteristics of the residue
are suggestive of a persistent agent. As a
liquid, exposure may be by inhalation,
ingestion, transdermal as well as through
open wounds. Persistent agents remain on
scene for longer periods of time compared



to lighter (non-persistent) gases and vapours.
Although lighter gases such as cyanide are
less persistent, within tunnels and enclosed
structures such as atria they may still reach
toxic concentrations.

Identification of the residue may be
scientific or clinical. Scientific assessments
use detection identification and monitoring
(DIM) equipment. Detection equipment is
usually limited to a narrow range of agents
and often provides quantitative data. There
may be possible false positives. The more
sophisticated identification equipment
utilises mass spectrometry to provide
qualitative assays against a large database of
possible agents. Clinical assessment can be
useful in recognition of specific toxidromes
(syndromes due to specific groups of
chemical agents) with examples including
the sarin attack on Tokyo and the speculation
surrounding the agent used in the Moscow
theatre siege.

c. Triage for CBRN incidents is very
important, as there are a number of processes
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that require prioritisation — decontamination,
clinical management and  antidote
administration. For this reason, initial triage
should precede decontamination, as
decontamination is often the first rate-
limiting step in the casualty evacuation chain.
Existing systems, such as the triage sieve
(MIMMS), use physiological parameters for
prioritisation although based on the trauma
model. Additional criteria such as signs of
toxicity, often used as an indication for
antidote use, could be used. These criteria
may not be limited to chemical agents but
extended to radiation and biological
exposures. Figure 2 suggests some additional
triage criteria that can be used to augment
the triage sieve. In addition for some
persistent chemical agents, gross
contamination could be a criterion in order
to prevent further absorption of the agent
prior to decontamination. Triage remains a
dynamic process throughout the casualty
evacuation change in each of the CBRN
zones — zonal triage.
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Fig 2. Modified triage sieve for CBRN.

Casualty 1 —This casualty is ambulatory but
contaminated. There is no need for clinical
prioritisation however there is a need for
early decontamination to prevent the
chemical agent being absorbed through the
skin.

Casualty 2 —This patient is T2 according to
the conventional triage sieve. The casualty
does however have signs of toxicity —
convulsions and increased secretions. This
patient is SEVERELY intoxicated and
requires IMMEDIATE treatment (T1).

Casualty 3 — This patient has a respiratory
arrest. Following trauma, cardiac arrest
during a major incident has a grave
outcome and is most likely due to
circulatory collapse (hypovolaemia). In
acute chemical intoxication, a respiratory
arrest may precede a cardiac arrest,
although initial assessment is difficult in
personal protective equipment. During the

Tokyo sarin attack, some cardiac arrest
patients were successfully resuscitated to
discharge home. With adequate resources,
advance life support including airway
management, oxygen delivery and antidote
treatment should be attempted before
declaring the casualty dead. Where
resources do not allow for advanced life
support, respiratory arrest should be treated
as expectant (T4) whether there is a cardiac
output or not(3).

Casualty 4 —This patient is ambulatory but
is not obeying command. There are several
reasons for this. The patient may have
language difficulties or be deaf secondary to
the blast injury from the bomb. Some
incapacitating agents may result in anxiety
and inappropriate actions. However there
are no other clinical signs in this patient or
in any other casualty. Casualties after any
major incident may exhibit abnormal
psychological behaviour that may require
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further treatment and in some cases
hospitalisation, although in the T3 priority.

Based on the clinical symptoms of the
casualties, the effects of the exposure to the
liquid are consistent with organophosphate
intoxication, such as the chemical warfare
agent Taban (GA). Although pinpoint
pupils are diagnostic, they should not be
used as a triage criterion due to local
exposure to the eyes rather than systemic
toxicity.

Question 2

a. Although non-specific, the symptoms

exhibited in the patients should raise

concern of the possibility of an infectious

agent (contagion). The timescale and

pyrexia suggests a live biological agent with

a latent (incubation) period rather than an

acute chemical or toxin exposure. Priorities

include:

B Identifying and isolating infected patients

B Preventing spread by the use of face /
respiratory protection (FFP3 mask).

M Take detailed history from patient to
determine disease epidemiology

M Identify index case

B Liaise with local veterinary agencies for
animal to human transmittable diseases

M Notify Service and local public health
physicians

M Collate clinical information with local
health intelligence / brief

b. In order to start clinical management, it
is necessary to have a differential diagnosis.
This is most likely to be a biological agent
presenting as a respiratory syndrome, which
may include atypical pneumonias. A
broader differential should be considered if
additional signs and symptoms are
identified, such as coagulopathy and
radiological signs on chest radiograph.
There are a number of ways of classifying a
biological incident - outbreak. The
differential diagnosis can be based upon the
type of live agent (viral, bacterial, rickettsial,
fungal (and toxin)). In addition, agents can
be divided into the routes of transmissibility
(human-human, animal-human, vector
borne, non-transmissible) — see Table 3.
The clinical management of respiratory

Table 3 — Differential Diagnosis (Respiratory epidemic) — non-exhaustive

Bacterial Virus Rickettsial
Animal — Avian flu
Human
Human - Pneumonic SARS
Human plague* Pandemic flu
influenza
Non- Legionella Rickettsial
transmissible Inhalational .
pneumonia
anthrax*

*Consider deliberate release

247

cases should be aimed at initial supportive
management, empirical treatment and
identification. Supportive management is
most likely to be rehydration, anti-pyretic
and supplemental oxygen as required. In
severe cases, respiratory and circulatory
support may be required including
intubation, ventilation and inotropes.
Empirical antimicrobial treatment will
depend on local health advice but should be
considered if pneumonia is high on the
differential. The typical antibiotic regime is
a  third generation cephalosporin
(ceftriaxone) and a macrolide
(clarithromycin). First line treatment of
potential anthrax cases, especially if the
chest radiograph shows a widened
mediastinum, will be with ciprofloxacin.
Some viral agents can now be limited with
antiviral therapies if given early enough.
Identification of the infective agent can be
made with biological sampling, including
sputum, blood cultures, serology and urine.
Identification is important in determining
whether an asymmetric attack has taken
place — inhalational anthrax and pneumonic
plague (in the absence of the bubonic
variant) are highly suggestive of an attack.

Question 3.

a. The principles of limiting radiation
exposures to as low as reasonably
practicable (ALARP) are by time, distance
and shielding. Time is directly proportional
to the dose received, while shielding is
inversely proportional. Distance obeys the
inverse square law, so that doubling the
distance from a radiation source will
quarter the original dose rate (see Fig 3).

b. The package contains shielded radiological
material not a nuclear device. The hazard
warning diamond is internationally
recognised and gives important information
on the radioactive material inside including
the radioactivity of the isotope inside and
expected dose rate. There is a risk of
contamination and irradiation from the
package, but in the absence of fissile
(nuclear) material a nuclear detonation is not
possible. On finding the package, the area
should be cordoned off with a minimum
distance imposed based on any dose rate and
limited by any shielding available.

c. If the packaging was compromised,
contamination of the environment and
personnel can take place. All eating, drinking
and smoking should be prohibited in the
effected area. External decontamination of
personnel can be started by removing
clothing (up to 80-90% reduction) with
attention on preventing inhalation during the
process. Further external contamination
would be removed by dilution and rinse-
wipe-rinse. Internal contamination should
be assessed based on the extent of
environmental contamination and risk with
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Fig 3. Inverse Square Law.

biological surveillance of faeces and urine
depending on the chemical properties of the
radioisotope. Where there is significant
internal contamination, chelating agents
such as Prussian Blue can be used to exploit
the chemical properties of the radioisotope
to increase the isotope’s elimination; this is
called decorporation(4).

Question 4.

Despite the ability to manufacture chemical
warfare agents such as mustard and sarin,
some of the most potent toxins occur
naturally and include animal venom, ricin
and botulinum. The ability to inoculate a
victim with a lethal agent has taken millions
of year to evolve. However, the perpetrators
of the assassination of the Bulgarian
dissident Georgi Markov exploited the same
mechanism using a ricin-impregnated pellet
fired from a modified umbrella.

a. The immediate first aid procedures
following a snakebite are:

Fig 4. Taipan (or Fierce Snake) — note the individual variation. The taipan is one of the most
poisonous snakes in the world.

Hl Do not move the casualty

B Do not wash any venom off or suck wound

M Do not apply tourniquet

B Apply pressure dressing to entire limb

B Immobilise / splint the limb

B DO NOT REMOVE DRESSING
UNTIL ANTIVENIN IS AVAILBLE

The rationale for the first aid advice is that
the active components of snake venom are
large molecules, usually peptides, and travel
through the lymphatics. The combined effect
of the pressure dressing and limb
immobilisation increases the circulation time
by hours. Once the dressing is removed, there
is a rapid return of the venom containing
lymph back into the systemic circulation(5).

b. No attempt should be made to capture the
snake. Knowledge is important of the
dangerous local animal species. However,
there is significant individual variation in skin
colour and pattern (see Figure 4). In some
regions with multiple venomous species,
such as Australian, venom identification Kkits
can be helpful using immunoassays. It is
therefore important that wounds are not
washed and dressings saved. In addition to
venom samples, clinical symptoms may
suggest which species of snake is implicated.
As for chemical agents, there are some
recognised disease patterns (toxidromes) for
specific  snakes.  Unfortunately, the
syndromes show individual and dose-
response variation and each bite contains a
complex mixture of pharmacologically active

molecules. For land snakes, the main
toxidromes include neurotoxicity, pro-
coagulation, anticoagulation and
rhabdomyolysis.

c. Despite potent venoms, many snakebites
do not result in envenomation — dry bites.
This is consistent with the conservation of
venom for feeding rather than defence.
Nevertheless deaths do occur and it has been
suggested that in Australia the envenomation
to bite ratio is 1:8. The definitive
management of animal envenomations
depends on frequency, severity, cost and
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logistics. Snakebites are often treated with
antivenin derived from equine serum. Some
antivenin are species specific, while others
are polyvalent for cases where envenomation
has occurred but the species is unknown. The
risk of anaphylaxis and serum illness is
present for any use of antivenin but greater
for the polyvalent antitoxin. For this reason
treatment with antivenin may not be
indicated wuntil there are signs of
envenomation.

Presentation of envenomation may include:

B headache

M nausea, vomiting, abdominal pain

M collapse, unconsciousness (may be
transient)

B coma

M painful, tender muscles (myolysis)

B blurred vision

B irritability, confusion

B dark urine (myoglobinuria, haematuria)

M ptosis, dysarthria, weakness/paralysis,
dyspnoea

M respiratory failure (neurotoxicity)

M hypotension

B cardiorespiratory arrest

The dose of antivenin required depends on
the injected dose and individual response.
The starting dose is usually 1-2 vials but may
require up to 9-10 vials in total. The
antivenin dose is titrated to response and full
resuscitation facilities including adrenalin,
H1 and H2 antagonists should be available.
Antivenins for some spider and jellyfish
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species also exist. Alternative therapies for
other envenomations include heat treatment
for some fish stings (weaverfish, freshwater
stonefish), sometimes followed by antivenin
(marine stonefish). The sting of the box
jellyfish responds to vinegar, which causes
the individual stings to retract thus reducing
pain; antivenin may still be required in severe
cases.(7,8).
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