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Abstract

Nuclear and radiation events are special patterns of disasters. As the members of disaster medical
assistance team (DMAT), itis still essential to have basic requirements to recognize and manage the
situation although some other specialized agencies may be also involved. To treat the victims of the
radiation exposure, ¢ither vianuclear detonations or via terrorism, the safety of the personnel is still
the first priority. Because of possible limited equipment for detecting the severity of radiation
exposure, some general rules to judge the situation by clinical evidences may be thus important. To
establish such objectives, we have to emphasize the basic training for DMAT have to include the
triage and management in the initial stage of radiation incidents. The most essential components
include personal protection, the skills and knowledge of evacuation and sheltering, the clinical evalu-
ation of severity, the key points on decontamination, and other modules of management. Hands-on
practice, repeated tabletop drills and real field exercises are always required to accomplish the
goal. On the other hand, familiarity with response plan and good inter-agency cooperation are still
the crucial step to eliminate the hazards of such disasters. (4nn Disaster Med. 2003,2:516-S26)
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Introduction

Radiation incidents ar¢ among of hazardous
events emergency responders might have to
deal with.'? Because strict requirements are
used in the shipment of radioactive materials,
accidental spills or releases of these substances
seldom occur.'* Most of emergency respond-
ers or disaster medical assist team (DMAT)
members have limited experiences in dealing
with such accidents. The consequence of the

hazard will be expected to be serious due to

lack of practice and experiences.

Tvpes of Radiation Incidents
There may be three general types of radia-
tion incidents, that is, external exposure that
is irradiation from a source distant or in close
proximity to the body, and contamination de-
fined as unwanted radioactive material in or
on the body.*?®

External irradiation occurs when all or part

of the body 1s exposed to penetrating radiation
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froman external source.*® During exposure this
radiation can be absorbed by the body or it
can pass completely through. A similar thing
occurs during an ordinary chest x-ray. Follow-
ing external exposure, an individual is not ra-
dioactive and can be treated like any other
patient.

Thesecondtypeofradiationinjury involves
contamination with radioactive materials.”®
Contamination means that radioactive materi-
als in the form of gases, liquids, or solids are
released into the environment and contaminate
people externally, internally, or both. An exter-
nal surface of the body, such as the skin, can
become contaminated. and if radioactive ma-
terials getinside the body through the lungs, gut,
or wounds, the contaminant can become de-
positedinternally.

The third type of radiation injury that can
occur is incorporation of radioactive material. >
# Incorporation refers to the uptake of radio-
active materials by body cells, tissues, and tar-
getorganssuch asbone, liver, thyroid, orkidney.
In general, radioactive materials are distributed
throughout the body based upon their chemical
properties. Incorporation cannot occur unless

contamination has occurred.

The Role of DMAT

As described previously, the function of the
Disaster Medical Assistant Team (DMAT) in-
cludes triage of victims at the disaster site, pro-
viding sophisticated medical care in austere
conditions and maintaining casualty clearing or
staging locations just outside the site of the
disaster. The DMATs can also provide care at
areception area when the patient evacuation
partis activated. Along with the training atboth

teamlevel and local/national level exercises, the
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DMAT members provide medical care at spe-
cial events and develop palns for deployment
to various disasters. However, in some special
disaster conditions such as radiological events,
the DMAT should have more specified training
and equipments. Therefore, some specialized
team for different specified disaster may be
developed.

In the United States, many special teams
have been developed in response for weapons
of mass destruction.” Some of them that are
responsible for radiological events include
AFRAT (Airforce Radiation Assessment Team)
for on-site detection, identification and quanti-
fication of any ionizing radiation hazard; ARG
(Accident Response Group) for technical re-
sponse for nuclear emergencies; DOE
(Department of Energy) for responding to
nuclear terrorism and events; ERAMS
(Environment Radiation Ambient Monitoring
System) for measuring radioactivity and other
contaminants in the environment; NEST
(Nuclear Emergency Search Team) providing
specialized technical expertisetoresolvenuclear
terrorist incidents; REACT/TS (Radiation
Emergency Assistance Center/ Training Site) of-
fering a 24-hour emergency response program
to support the medical management of radia-
tion accidents, and RERT (Radiological Emer-
gency Response Team) for environment moni-
toring and risk assessment.’

According to the present systems in
Taiwan, the supervision for the radiological
event is the responsibility of Atomic Energy
Committee. However, if any radiological or
nuclear terrorism occurs, the role of investiga-
tion should also depend on the Bureau of In-
vestigation or National Security Burcau. The

inter-cooperation between the different agen-



cies deservesto be well established at the usual

time.

Basic Training in Manadaing Radio-
loaical Events for General DMAT
Basic concepts in radiological terror-
ism

To cause the threatening effects, radiological or
nuclear events may be as much as biological
terrorism.'*1%12 In 1994 Czech police seized
4 kg of highly enriched uranium and at almost
the same time German police seized more than
400 g of plutonium. Two men were seized with
1.16 kg of weapons grade uranium in Turkey
in 2001. The real attacks were two recent inci-
dents in 2001 when terrorist groups attempted
to trespass Russian nuclear storage sties. There
has been reported to be 175 cases of nuclear
trafficking, 18 involvinghighly enriched uranium
or plutonium since 1993 according to the In-
ternational Atomic Energy Agency. Even more
alarmingare reports that small fully builtnuclear
weapons are missing from the Russian arsenal.
In 1996 the Russian general Alexander Lebed
claimed that 40 of these so called suitcase
weapons were stolen.

In summary, the methods by terrorists
were reported to stolen stale-owned weapons
or weapon components, improved nuclear de-
vices fabricated from special nuclear material,
and attack on nuclear reactors / spent nuclear
fuel or radiological dispersal devices. In
addition, so-called “dirty bomb” that was de-
livered via conventional bomb has also been
reported as a weapon. 2112

As DMAT, the first that we have to know
is to recognize the possible exposure. First,
every member should be alert to the manifesta-

tions of acute radiation syndrome following a
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predictive pattern after substantial exposure.
Victims may also present individually over a
longer period of time after exposure to con-
taminated sources hidden in the community.
There may be specific syndromes of concern,
especially with a 2 to 3 weeks prior history of
nausea and vomiting, including thermal burn-
like lesions without documented heatexposure,
immunological dysfunction with secondary
infections, bleeding tendency and hair loss *'*
1 Because the high alertness is the first impor-
tant issue for such nuclear events, every mem-
ber should be familiar with the details of clinical

manifestations and their possible variations.

Understanding the exposure

The expaosure nay be recogni zed by know ng
la gerad ai onequeuresauchas anud eer bob
a caastrgoi c danage to a nucl ear pover
dain a sdl radainsarcecas ngine -
mttet eqosuresthoseaewsd |y mt inthe
rd cd a inderi dfaglities Tne D MAT ol d
keepinmrdthet the equosuretoradati on nay
resdt fravany coi i ond ederrd sorces
sinaatamreti nwthrad cadiverdei ds(
cdlededard catammaian) adinterd ra
daionfromabsobed inded o imesdra
doactive nateri d (o socdledinerd
cotamreia). 2B%

Inter-agency cooperation
For the nerbars o the D MAT, treirtask vorks

indukocatinosned cd caref a thevdi ns
intredsasters. Hvever, the g fic eats
shasrad aian/ ndexr dsasters et i d uk
mary aher spad dizeda qanzati as such as
Aomc Ener gy Gnmittee and the Breau o
Investi getion I nter-agency cogperati anshod d
keedadisedintrerespose dana thewsd
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t ne ardpradicdacocod rgyintheemat ti ne
In Taivan thereis gill rmah dly sypervisad
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Radioloagical protection
Teraddogycd paetionsoddind ukres
praaypaetion sknpaectionand body
ddteairg As we know, theresaraay po
tedinledsaedasifial A B adC das-
fiedby thedayee d paetion ¥ Levd C
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patiaddes aethe die covern Wereastre
personnel wo have to invade the hat zane
saddbe ey pdwthled A Thaeaeser
@d basc cocesf a resuraay paetion
Ft-testadcatridpfiltaedrearaasa pow
eedar prifyingrespraas shod d be used
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is designed to pratect responders agai nst
dencd a Hdogcd aptswll likdy dfer
baditsinarad &imnemat.
Tedtadivethdistowse ad ey
argca nasks to provide good pratecti on
ap e indingpatioadaesandd | ovexcd -
let vatilagionfa vakinga hghbresthing
rdes If adlade hahe ficeryptialaear
(HEPA filter masks such as the common
N CBH “N- 95" nmask provi de even better
pdediacn Theseaedarmbrdissef a heth
care varkers wo vark wth petients wth tu
bralcssardahe gy cotag as d seaes
These nasks et ke fit-tesedtoeachird-
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Skin protection

Current weather conditions, as well as the en-
vironment at the event, will drive the selection
of anti-contamination clothing. Normal barrier
clothing and gloves give excellent personal pro-
tection against airborne particles. Disposable
medical scrub suits or high-density polyethyl-
ene coveralls and hood should be used if they
are available. The choice of clothing will often
be driven by other more immediate hazards,
such as fire, heat, or chemicals. Protection for
these hazards covers any additional threat that
radioactive material could pose.

As stated above, transport of the severely
injured to available acute care medical facilities
should not be delaved due to suspected or con-
firmedradiological contaminationonthe patient.
If a critically injured but contaminated patient
must be transferred immediately, make prepa-
rations for limitation of contamination atthe des-
tinationfacility.

Body protection



Radioactive materials may contaminate the
deceased. Appropriate radiation survey assis-
tance can confirm or rule out such a situation. If
abody isknown or suspected to be contaminated.
personnel engaged in handling of the body
should beissued personal protective equipment.
As stated above, it is important for responders
and mortuary personnel to be aware of other,
more acutely hazardous agents that may co-
contaminate the remains in question. Appropri-
ately higher levels of protection should be used

as needed.”*1*

Radiation dosimetry

Two types of devices may be used.*" The first
type isaclip-on badge containing either film or
other radiation-sensitive material (AKA ather-
moluminescent dosimeter or TLD). The sec-
ond type of device is a reusable electronic
dosimeter, which can beread visually orby other
reading devices. Some devices of this type also
“chirp” like the traditional Geiger counter. Ra-
diation protection personnel will distribute and

explain how to use such devices.

Evacuation and sheltering
Although evacuation is always the work of Ur-
ban Rescue and Search team and emergency
medical technicians, the DMAT members are
still usually involved in the task even the latter
team be activated 6 hours after the disaster has
been recognized because of the long-lasting
characteristics of the radiation events. It is
thercof important for DMAT members to be
familiar with the methods of evacuation and
sheltering,

Thereare three general principles that form
the basis for making decisions on intervention.
2314 First, all possible efforts should be made
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to prevent serious deterministic health effects
(such as bone marrow depression and skin
burns). There is no specific dose level at which
intervention should be undertaken although, at
levels of dose that would cause serious deter-
ministic effects, somekind of intervention would
be almost mandatory. The second principle is
that the intervention should be justified in the
sense that the protective measure should do
more good than harm. While this may seem
obvious, inappropriate actions have been taken
in accidental situations to reduce dose at an
extremely high social and monetary cost. The
third principle is that the levels at which an in-
tervention is introduced and at which it is later
withdrawn should be optimized. After an inter-
vention is applied (e.g., evacuation or shelter-
ing of a population), there needs to be optimi-
zation of the action to determine the scale and
duration. Costs and benefits of such actions will
change over time. If people have been relo-
cated and the radioactivity decays sufficiently,
the persons may be allowed to go back home.

Population dose assessment during the
early phases of accident management is at best
difficult. Early decisions regarding evacuation
or shelteringare challenging. Individuals within
an affected geographic area can receive widely
varying doses. Often it is best to recommend
sheltering and showering as an initial interven-
tion until the situation (e.g., source,
meteorology) becomes clear. Initial decisions
may need to be based upon field measurements.
Sheltering is 10-80% effective in reducing dose
dependinguponthe duration of exposure, build-
ingdesignand ventilation.'*'® If thereisapassing
plume of radioactivity, sheltering may be pref-
erable to evacuation. When sheltering, ventila-
tion should be tuned off to reduce influx of out-
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side air. Sheltering may not be appropriate if
doses are projected to be very high or long in
duration. Sheltering has the advantage that
people have access to food, water and
communications.

Evacuation is much more disruptive and
expensive than sheltering. Care needs to be
taken to assess the meteorology and potential
changes to avoid moving people into the path
of oncoming fallout. Evacuation planning needs
to consider schools, hospitals, prisons, food
availability, communications and housing. It
should be noted that if persons are outside and
there is a major release of radioiodine or ra-
dioactive particulate material, they should be
instructed to make use of any possible respira-
tory protection such as folded wet handker-
chiefs or towels. When they reach shelter, they
should change clothes and if possible shower.

Individual dose assessment is usually not
possible in the early phases of a terrorist event.
Individual doses may only be approximated in
the first few hours or days. Relatively accurate
individual dose estimates may take up to a
month or more and are retrospectively per-
formed based upon physical dosimetry, acci-
dent reconstruction or biological markers and
clinical examination. Intake of long-lived radio-
nuclides poses additional problems. Doses are
often calculated in terms of “committed dose™.
This usually refers to the dose an individual
would be expected to receive from that intake
over the next 50 years. While this may make
sense for ayoung worker, it has little relevance
to workers with less than an additional 50-vear
life expectancy. Anotherissue isthat doses from
intakes of radionuclides are often calculated on
the basis of models. There may be significant

individual deviations fromthese estimates. With
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significant exposures, individual information
should be used. This is particularly important if
there has been an intervention (such as admin-
istration of potassiumiodide) that substantially
affects the clearance and biological half-life of

theradionuclide.

Triage

In aradiological event, the first thing that the
firstresponders, emergency medical technicians
or DMAT members have to do is rapid triage.
214167t is necessary to assess any trauma or
medical conditions prior to consideration of ra-
diological exposure. The triage is of extreme
importance in the chaos or mass casualties of
an event such as terrorism. Even after triage by
the first responder or emergency medical
technicians, the DMAT should keeptriage again
and again because the patients’ condition may
be complicated and dynamic.

As mentioned before, the rapid triage for
such cases may depend upon the symptoms.
In other words, refer the cases with time to vom-
iting less than 4 hours to immediate evaluation
and the cases with time to vomiting longer than
4 hours to delayed evaluation if no concurrent
iniury.Z,B—IS
Patients decontamination
Skin or wound contamination is almost never
immediately life threatening to the patient or to
medical personnel. Therefore, treating conven-
tional trauma injuries is the first priority. De-
contaminate the patient only after medical
stabilization.”

Ideally, emergency medical services per-
sonnel or DMAT members will decontaminate
patients at the scene of an incident prior to

transport. As this will not always occur, de-



CONtamination procedures should be part of the
operational plans and procedures of all health
care facilities. Removal of outer clothing and
shoes can reduce contamination by as much as
90%. Assess for radiological contamination by
slowly passing a radiation detector over the
entire body, insuring that the same distance is
maintained in subsequent surveys. Cover open
wounds prior to decontamination of surround-
ing skin. Remove contaminated clothing and
place it in marked plastic bags, movingitto a
secure location within a contaminated area.
Wash bare skin and hair thoroughly, and if
practical, secure and appropriately dispose of
the effluent.'-*

Skin decontamination

It remains essential to decontaminate skin to
decrease the risk of acute injury, lower the risk
of internal contamination, and reduce the po-
tential of contaminating medical personnel and
the environment. After removing the patient’s
clothing, wash the patient with soap and water
to emulsify and dissolve the contamination.
Gentle brushing removes some contamination
bound to skin protein and also a portion of the
keratinized layer.'* Because the frequency of
replacement of the stratum cornea, contamina-
tion that is not removed and not absorbed by
thebody immediately will be shed off within sev-
eral days. The decontamination should be gentle
and effective enough to remove as much con-
taminationaspossiblewithoutdamagingtheskin.
Since it may prove difficult to remove all
contamination, decontaminating to two times
background radiation level should suffice. If af-
ter the third attempt, this goal is not reached,
and further attempts reduce the contamination
by less then 10%, cease further efforts and
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handle the patient following standard blood
borne precautions to minimize the possible
spread of the contaminant. To avoid survey
errors, it has to be sure that the same meter to
skin distance is used in all surveys. If washing
will not remove stubborn hand and distal ex-
tremity skin contamination, wrap the contami-
nated area, and over time, sweating will de-
crease contamination. To decontaminate hair,
use any commercial shampoo without condi-
tioner because the latter bind material to hair
protein and make removal more difficult. Con-
sider clipping hair to remove contaminants but
avoid removing eyebrows because they may

not regrow.

Wound decontamination
The patterns of wound affect the absorption
and decontamination of radioactive substances.
231416 Abrasions may disrupt the skin barrier
to increase absorption potential. However, they
are usually easy to remove due to easily acces-
sible contaminants. Lacerations are easy to de-
contaminate after the contaminated tissue is
excised. Puncture wounds are difficult to de-
contaminate because of poor approach to the
contaminants and difficulty in determining the
depth and degree of contamination. Solubility,
acidity/alkalinity, tissue reactivity, and particle
size affect the absorption of the contaminants.
Smaller particles have potential to be phago-
cvtized and thus kept internal tissue readily.
Victims may have wounds containing ra-
dioactive materials following the detonation of
a radiologic dispersal device.>'*!® Metallic
shrapnel should be handled with forceps and,
if found to be radioactive, placed in alead con-
tainer or at least six feet away from personnel.

When an extremity is severely contaminated
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and adequate shrapnel removal can not be
allowed, amputationmay be indicated. Itisnec-
essary only the injuries are so extensive with
trivial functional recovery or the radiation dose
is likely to result in limb necrosis as a
consequence. Decisions on amputation should
be delayed until long-term risks are clearly
defined. Rememberthe phrase “decontaminate
but do not mutilate”.

For skinand wound decontamination, use
acleaning solution. Suggested solutionsare soap
and water ornormal saline, povidone iodine and
water, and hexachlorophene 3% detergent

cleanser and water.

Internal decontamination treatment
Immediate care should focus primarily on pre-
venting internal contamination. As discussed
carlier, skin or wound contamination is almost
never immediately life threatening to the patient
or to medical personnel. Therefore, treating
conventional trauma injuriesisthe first priority.
21416 A5 soon as the patient’s condition permits,
take steps to determine whether internal con-
tamination has occurred. Nasal swab samples
for radioactivity should be obtained as early as
possible. However, under some circumstances,
inhalation exposures may not yield a positive
nasal swab. If contamination is present, espe-
cially in both nostrils, inhalation of a contami-
nant may be assumed. Collect urine and feces
specimens to help determine whether internal
contamination has occurred.

The reason to treat persons with internal
contamination is to reduce the radiation dose
from absorbed radionuclides and thus the risk
of long-term biological effects (i.e., cancer).
Minimize internal contaminationby 1)reducing

the absorption of radionuclides and their depo-
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sition in target organs, and 2) increasing excre-
tion of the radionuclides from the body. A num-
ber of procedures are available for respiratory
and gastrointestinal contamination. The benefit
of removing the radioactive contaminant using
modalities associated with significant side ef-
fectsmust be weighed against the short and long-
termeffectsof contamination without treatment.
Theradioactivity and toxicity of internalized ra-
dionuclides must also be considered. Risk esti-
mates combine professional judgment with the
statistical probability of radiation-induced dis-
cases occurring within apatient’s lifetime.
According to the task force from Depart-
ment of Homeland Security Working Group,'
immediate potential treatmentsinclude:

1. Consider oral potassium iodide for those
whom radioiodine is suspected as the po-
tential contaminant.

2. Perform gastric lavage within 1-2 hours
of ingestion of a single large amount till
the washings are free of radioactive
material.

3. Prescribe antacids (such as aluminum hy-
droxide and magnesium carbonate-con-
taining formulas) as indicated to reduce
gastrointestinal absorptionifradionuclides
are ingested. Accordingly, aluminum con-
taining antacids are especially effective in
reducing uptake of strontium and reduces
uptake up to 50-85%.

4.  Givecatharticsto decreasedistention time
and radiation dose of materials in the bowel
if large ingestions are suspected. It is sug-
gested that biscodyl or phosphate soda
enema will empty the colon in a few
minutes. Oral agents of suppositories will
take one or more hours to work and con-

sidered as second choice. Magnesium sul-



fate can be also suggested to produce in-
soluble sulfate compounds with some ra-
dionuclides such as radium.

5. Performradionuclide specific therapiesas
guidelines.

6. Pulmonary lavage is rarely indicated and
is considered only after inhalation of ex-
treme amounts of long-lived insoluble ra-
dionuclides with the possible result of

major pulmonary sequelae.

Conclusion
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