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PREFACE

Purpose

Thispublication serves as aguide and a reference for trainedmembersof theArmedForcesMedical
Servicesandothermedicallyqualifiedpersonnelontherecognitionandtreatmentofnuclearandradiological
casualties.

Scope

a. Thispublicationó

(1) Classifies anddescribespotentialnuclearandradiologicalthreatsandhazards.

(2) Describesthebiologicalaspectsofblast,thermalradiation,andionizingradiationandits
effectsonorgansandsystemsofthebody.

(3) Describes procedures for first aid,medical diagnosing, treating, andmanagement of
nuclearandradiologicalcasualties.

b. Thematerial in this publication is applicable to both the nuclear battlefield and to other
operationswhereahigh-orlow-levelradiationhazardexists;thisincludesmilitarysupporttoUnitedStates
(US)civilianagenciesduringweaponsofmassdestruction(WMD)consequencemanagementoperations.

c. Thetreatmentmodalitiescontainedinthismanualarebaseduponthosedescribedinthemost
recentNorthAtlanticTreatyOrganization(NATO)HandbookontheMedicalAspectsofNuclear,Biological
andChemical(NBC)DefensiveOperationsAMedP-6(C),RatificationDraft;theMedicalManagementof
RadiologicalCasualtiesHandbook,FirstEdition,andtherecentlyapprovedTreatmentBriefs.

d. Theuseofthetermìlevelofcareîinthispublicationissynonymouswithìechelonofcareî
andìroleofcare.îThetermìechelonofcareîistheoldNATOterm.Thetermìroleofcareîisthenew
NATOandAmerican,British,Canadian,andAustralian(ABCA)term.

StandardizationAgreements

ThismanualisinconsonancewithNATOStandardizationAgreements(STANAGs)andABCAQuadripartite
StandardizationAgreements(QSTAGs):

NATO ABCA
STANAG QSTAG TITLE

2068 EmergencyWarSurgery.

2083 CommandersíGuideonNuclearRadiationExposureofGroups,Edition6.
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NATO ABCA
STANAG QSTAG TITLE

2461 NATO Handbook on theMedical Aspects of NBC Defensive Operations,
AMedP-6(C).VolumeI-NuclearRatificationDraft.

2473 Commandersí Guide on Low-Level Radiation (LLR) Exposure inMilitary
Operations,Edition1.

2475 PlanningGuidefortheEstimationofNBCBattleCasualties(Nuclear),AMedP-8
(A).VolumeI.

1263 Common Principles and Procedures forCriticalAspects of theMedical and
DentalTreatmentofPersonnel.

ImplementationPlan

ParticipatingServicecommandofficesofprimaryresponsibility willreviewthispublication,validatethe
information,reference,andincorporateitinServiceandcommandmanuals,regulations,andcurriculaas
follows:

a. Army.  The Army will incorporate this publication inUS Army training and doctrinal
publicationsasdirectedbytheCommander,USArmyTrainingandDoctrineCommand.Distributionisin
accordancewithinitialdistributionnumber115861,requirementsforFM4-02.283.

b. MarineCorps.TheMarineCorpswillincorporatetheproceduresinthispublicationinUS
MarineCorpstraininganddoctrinalpublicationsasdirectedbytheCommandinggeneral,USMarineCorps
CombatDevelopmentCommand.DistributionisinaccordancewithMarineCorpsPublicationDistribution
System.

c. Navy.  TheNavy will incorporate these procedures inUSNavy training and doctrinal
publications as directed by theCommander,NavyWarfareDevelopmentCommand.Distribution is in
accordancewithMILSTRIPDeskGuideandNAVSOPPublication409.

d. AirForce.TheAirForcewillvalidateandincorporateappropriateproceduresinaccordance
withapplicablegoverningdirectives.DistributionisinaccordancewithAFI33-360.

e. CoastGuard.  The CoastGuardwill validate and refer to appropriate procedureswhen
applicable.NomaterialcontainedhereinshouldconflictwithCoastGuardregulationsorotherdirectives
fromhigherauthority,orsupersede,orreplaceanyorderordirectiveissuedbyhigherauthority.

UserInformation

a. TheUSArmyMedicalDepartmentCenterandSchooldeveloped thispublicationwith the
jointparticipationoftheapprovingServicecommands.
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b. ThispublicationreflectscurrentServiceandjointdoctrineonprevention,protection,medical
management,andtreatmentofnuclearandradiologicalcasualties.

c. Weencouragerecommendedchangesforimprovingthispublication.Keyyourcommentsto
the specific page and paragraph and provide a rationale for each comment or recommendation. Send
commentsandrecommendationsdirectlytoó

Army

Commander
USArmyMedicalDepartmentCenterandSchool
ATTN:MCCS-FCD
FortSamHouston,Texas78234-5052
DSN471-9501/9524COMM(210)221-9501/9524

Navy

Commander
NavyWarfareDevelopmentCommand
ATTN:N5
686CushingRoad
Newport,RI02841-1207
DSN948-4201COMM(401)841-4201

AirForce

HQAirForceDoctrineCenter
ATTN:DR
155Northtwiningstreet
MaxwellAFB,AL36112-6112
DSN493-5645COMM(334)953-5645
http://www.doctrine.af.mil

MarineCorps

CommandingGeneral
USMarineCorpsCombatDevelopmentCommand
ATTN:C42(Director)
3300RussellRoad
QuanticoVA22134-5001
DSN278-6234COMM(703)784-6234

U.S.CoastGuard

2100SecondStreet,S.W.
WashingtonD.C.20593-0001
StaffSymbolG-MOR,G-OPD
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GenderStatement

Unlessthispublicationstatesotherwise,masculinenounsandpronounsdonotreferexclusivelytomen.

UseofTradeNames/Trademarks

Use of tradenames/trademarks in thispublication is for illustrativepurposesonly. Theirusedoesnot
constituteendorsementbytheDepartmentofDefense(DOD).

References

Referenceslistedshouldbeconsultedfordetailsbeyondthescopeofthispublication.
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CHAPTER 1

INTRODUCTION

1-1. Purpose and Scope

a. ThispublicationservesasaguideandareferencefortrainedmembersoftheArmedForces
MedicalServicesontherecognitionandtreatmentofnuclearwarfarecasualtiesandmedicalmanagement
ofpersonsexposedtohighandlow-levelradiation.Theproliferationofnuclearmaterialandtechnology
hasmade the acquisition and adversarial use of nuclear and radiological weaponsmore probable.
Additionally,military personnelmay be deployed to areas that could be radiologically contaminated
becauseofthepresenceofradioactivematerialsandnuclearfacilities.Treatmentprotocolsforradiation
casualties are now effective, practical and possible, andmust be part ofUSArmed Forcesmedical
contingencyplanningefforts.Inordertounderstandpotentialnuclearandradiologicalhazards,theentire
spectrumofthreatevents,withexamples,isdiscussedstartingwithparagraph1-2.Currently,radiation
accidentsinvolvingindustrialormedicalradiologicalmaterialandnuclearweaponsincidentsarethemost
likelythreattoUSforcesandcivilians.Theleastlikelythreatsaretheaterandstrategicnuclearwar(see
Figure1-1).

Figure1-1.Likelihoodofradiationthreat.

b. Throughout themanual, both existing and the International System of Units (systeme
international díunites, abbreviated internationally asSI), are used tomeasure ionizing radiation. The
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existingandnewunitsofmeasurementarediscussedindetailinChapter2.Forcomparisonpurposes,a
radiationunitconversiontableisshownbelow.

Table1-1.ConversionTable

EXISTING UNITS SI UNITS

0.001 rem = 1 mrem = 0.01 mSv

0.01 rem = 10 mrem = 0.1 mSv

0.1 rem = 100 mrem = 1 mSv = 0.001 Sv

1 rem = 1,000 mrem = 10 mSv = 0.01 Sv

10 rem = 100 mSv = 0.1 Sv

100 rem = 1,000 mSv = 1 Sv

1000 rem = 10 Sv

0.001 rad = 1 mrad = 0.01 mGy

0.01 rad = 10 mrad = 0.1 mGy

0.1 rad = 100 mrad = 1 mGy = 0.001 Gy

1 rad = 1,000 mrad = 10 mGy = 0.01 Gy

10 rad = 100 mGy = 0.1 Gy

100 rad = 1,000 mGy = 1 Gy

1000 rad = 10 Gy

2.7x10-11 Ci = 1 Bq

0.001 Ci = 1 mCi = 37 MBq

1 Ci = 1000 mCi = 3.7x1010 Bq

1-2. Radiation Accidents

a. General.RadiationaccidentsarethemostlikelyeventsthatthreatenUSforcesandcivilians.
Aradiationaccidentisasituationinwhichthereisarealorsuspectedunintentionalexposuretoionizing
radiationor radioactivecontamination. According to the (DepartmentOfEnergy/RadiationEmergency
AssistanceCenter/TrainingSite)RadiationAccidentRegistry, from1944 to2000, therehavebeen417
radiationaccidentsworldwide.Theseaccidentsinvolvedradiationdevices(74percent),radioisotopes(21
percent),andcriticalityincidents(5percent).Itmustbeemphasizedthatradiationaccidentscouldinvolve
eitherhigh-or low-level radiation exposures. These exposures can result invarying levelsof injuries
including acute radiation syndrome (ARS), acute local radiation injury, combined injuries (radiation,
thermal,orblastinjuries),psychologicalconsequences,andlong-termstochasticeffects.Thisparagraph
willdiscussthemostprevalentradiationsourcesandaccidentsassociatedwiththesesources.Exampleswill
beincludedwhereappropriate.Foradetaileddiscussionofradiationsourcesandhazards,seeUSArmy
CenterforHealthPromotionandPreventativeMedicine(USACHPPM)TechnicalGuide(TG)238,Radio-
logicalSourcesofPotentialExposureand/orContamination,Draft,June1999.
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b. IndustrialRadiationSourcesandAccidents.

(1) Radiationdevicesandradioactivematerialsareusedinindustrialprocessesinvolvedwith
agricultural practices, scientific research,manufacturing, sterilization, and radiography.  In fact,most
radiation accidents have involved industrial gamma and x-ray radiography (nondestructive inspection)
devices and sources. These industrial and radiography sources are summarized inTable 1-2. Under
normaloperatingconditions,mostindustrialsourcesofradiationpresentminimalexposureriskswhenused
safely,butaccidentalexposurescanresultinseriousconsequences.USpersonnelmustalwaysbeawareof
thepossibledangersfromthesesources,especiallywhenconductingoperationsinareaspreviouslysubjected
togroundand/oraircombat.

Table1-2.IndustrialSourcesofRadiation

LOCATIONS AND MATERIALS RADIATION SOURCES SOURCE STRENGTH COMMENTS

Gauges,Sources,Static Iridium-192,Cesium-137, Greaterthanabout4TBq. Sealedsources,andifleaking,

Eliminators. Cobalt-60,Radium-226, presentssurface

Neutrons,Americium-241, contamination.

Polonium-210.

X-rayMachineSterilizers, X-rays,Protons,Deuterons, ~4TBqto~40PBq. Anywhereinanindustrial

Processors,andParticle Electrons,Gammas, area.Beawareofpossible

Accelerators. Cesium-137,Cobalt-60. activationproducts.

MineralExtractionand NaturallyoccurringRadioactive Generallylowlevelwith Dispersedlowlevelmaterial

Processing,including Materials-Uranium,Thorium, externalexposuresfrom andscalebuild-upinpiping.

phosphate fertilizers,oil, andtheirprogeny. backgroundleveltoabout Also,ingaugesasnoted

naturalgas,andcoal. 0.01mSv(1mrem). above.Radonisapossible

concern.

PowerSources. Plutonium-238,Strontium-90. Plutonium-238:Upto4GBq; Inequipmentinisolatedareas.

Strontium-90:Upto1TBq.

Radioluminescent Materials. Promethium-147,Tritium, UptotensofTBq. Variousapplications,andif

Radium-226. leaking,surfacecontamination.

(2) InFebruary1989,aradiationaccidentoccurredatanindustrialirradiationfacilitynear
SanSalvador,ElSalvador. Prepackagedmedicalproductsweresterilizedat this facilityby irradiation
usinganintenselyradioactiveCobalt-60sourceinamovablesourcerack.Theaccidenthappenedwhenthe
sourcerackbecamestuckintheirradiationposition,andtheoperatorandtwootherworkersenteredthe
radiationroomandattemptedtofreethesourcerackmanually.Thethreeworkerswereexposedtohigh
radiationdosesanddevelopedARS.Theirinitialhospitaltreatmentandconsequentspecializedtreatment
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wereeffectiveincounteringtheacuteeffects.However,thelegsandfeetoftwoofthethreemenwereso
seriouslyinjuredthatamputationwasrequired.Theworkerwhohadreceivedthemostexposurediedsixand
ahalfmonthspost-exposureduetoresiduallungdamageexacerbatedbyinjurysustainedduringtreatment.

c. BiomedicalSources.Biomedicalsourcesofradiationarethosedevicesormaterialsthatare
readilyavailableathospitalsandsomelaboratories.Theyincludesealedorencapsulatedsources,unsealed
sources, andmachine-produced radiation. Of particular concern are teletherapy units, brachytherapy
sources,andradionuclidegenerators.Cobalt-60teletherapyunitsarecurrentlyusedforthetreatmentof
cancerthroughouttheworldandmaycontainuptoa15,000curieencapsulatedsourcecapableofdelivering
adoserateof350cGy/minat80centimeters(cm).Alife-threateningdosecouldbereceivedinonlyafew
minutesofexposure tounshieldedsourceof thisstrength. Forexample,anexplosionneara radiation
therapy facilityísCobalt-60unitcouldresult indestructionof theshieldingsurrounding thesourceand
spreadradioactivematerialthroughouttherubbleofthetargetstructureandpossiblyspreadmaterialoutside
ofthebuilding.Respondingfirefighters,rescuers,andthecasualtiesthemselveswouldbeathighriskfor
exposuretothedispersedradioactivematerial.MedicalsourcesofradiationaresummarizedinTable1-3.

Table1-3.MedicalSourcesofRadiation

LOCATIONS AND RADIATION SOURCES SOURCE STRENGTH COMMENTS
 MATERIALS

RadiationTherapyFacility Cobalt-60andCesium-137 80cGy/minto350cGy/min Foundintherapyrooms.

at80cmwhenthesource

isunshielded.

SourcesandApplicators Cesium-137,Iridium-192, TensofMBq Therapyandnuclearmedicine

Radium-226,Phosphorous-32, areas.

Strontium-90, Iodine-125.

Radiopharmaceuticals Iodine-123,Phosphorous-32, TensofMBq Storage,nuclearmedicine

Technetium-99m,Thallium-201 areas,andtransportation.

Iodine-131,Strontium-89 HundredsofMBq

X-raymachinesand X-raysandelectrons. ~0.01Gyperminuteatthe Radiologyortherapyrooms.

Accelerators source

d. TheNuclearFuelCycleandNuclearReactors(PowerPlants).Thenuclearfuelcycleincludes
alltheactivitiesassociatedwiththeproductionof electricityfromnuclearreactions.Thisincludesmining,
milling,conversion,enrichment,andfabricationofthefuelaswellasthereactiontriggeredbythefuel,and
thedisposalofthespentfuelandotherwastes.Ifreleased,high-levelwastefromthenuclearfuelcycle
posesseriousenvironmentalandhealthconcerns.USforcesmaybeoperatinginatheaterthathasnuclear
fuelprocessing facilitiesandnuclearreactorswithvaryingdegreesofsafetyandcontainment. Tactical
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considerationsmayrequireunitstomaneuvernearthesereactors,ortooccupyareasin thevicinityofthese
facilities.ExposureofUSForcescouldoccurifanaccidentinoneofthesefacilitiesdispersedradiation
intothesurroundingenvironment.Ofequalimportanceisthatintentionalexposurecouldoccurifanenemy
commanderchosetodestroyoneofthesenuclearreactorsanditscontainmentfacility.Thiswouldresultin
boththedisruptionofelectricalpowerandthepotentialforradiologicalcontaminationandthusincapacitation
oflargenumbersofUSmilitarypersonneloperatinginthevicinityofthefacility.Examplesofwastesfrom
thenuclearfuelcycleareshowninTable1-4.

Table1-4.ExamplesofNuclearFuelCycleWastes

PHYSICAL
CYCLE PROCESS

STATE OF WASTE
PRINCIPAL RADIONUCLIDES

MiningandMilling

Gaseous Bismuth-214;Polonium-210,214,218;Radon-222.

LiquidandSolid Lead-210;Radium-226;Thorium-230;Uranium.

Conversion andEnrichment;
Liquid Protactinium-234;Radium-226;Thorium-234;Uranium-238.

FuelFabrication
LiquidandSolid Plutonium;Thorium;Uranium.

ReactorOperations
Gaseous Argon-41;Krypton-87,89;Nitrogen-13;Xenon-138.

Liquid and Solid Cobalt-58, 60; Chromium-51; Iron-59; Hydrogen-3.

WasteReprocessing
Gaseous Hydrogen-3; Iodine-129, 131; Krypton-85; Xenon-133.

LiquidandSolid Fissionproducts;Americium,Curium,Plutonium.

(1) Nuclearfuelprocessing.

(a) There are several steps in the processing of the fuel that result in radioactive
wastes.  For example,milling waste contains long-lived radioactivematerials and progeny in low
concentrations and toxicmaterials such as heavymetals. The chemical conversion process of turning
uraniumhexafluoridetouraniumdioxideproducesliquidwastethatcontainschemicalimpurities,including
fluorides.ThefuelenrichmentprocessleadstotheproductionofmaterialenrichedinUranium-235foruse
in nuclear power reactors andweapons. Depleted uranium (DU) is awaste product of the uranium
enrichmentprocesswhichhasfounduseinmilitaryaircraftasacounterweightandinarmoredvehiclesand
antiarmormunitions(seeAppendixA).

(b) Anexampleofanexposurerelated to thenuclear fuelprocess is the large-scale
radioactivewasteproblemattheMayakmilitarycomplexintheUralMountains.Thecontaminationbegan
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in1948,whentheMayakcomplexprovidedtheSovietUnionwiththematerialforitsfirstatomicbomb.
Foroveradecade,thefacilitywasresponsibleforpumping1.2billioncuriesofcesium-andstrontium-
lacednuclearwaste into thebottomofLakeKarachai. Thisresulted innearly24 times theradioactive
content releasedby theChernobyl reactor failure. During the summerof1967, aportionof the lake
evaporateddue tohotanddryweatherconditions.Radioactivedustspewedfrom the lake,affectingan
estimated41,000peopleinanareaofmorethan40,000squarekilometers(kms).By1990,radiationlevels
nearthelakeshorewerestillhighenoughtoprovidealethaldosewithin60minutesofexposure.Today,
LakeKarachairemainsthemostcontaminatedspotontheearthíssurface.

(2) Nuclearreactors(powerplants).Asof1999,therewere433nuclearpowerplantsin
operationworldwide.Thepressurizedwaterreactor(PWR)isthemostcommontypeofnuclearpower
plantintheworld.Wastefromthistypeofareactorisgeneratedasliquid,solid,andgaseouseffluents.
NuclearreactorsproduceseveralpotentiallydangerousradioactivematerialssuchasIodine-131and-133,
whichcanbetakenupbythethyroid.ThefissionprocessalsoproducessignificantamountsofCesium-134
and -137 that becomes uniformly distributed throughout the body and becomes a beta-gamma source
irradiatingallorgans.Tritiummayalsopresentanexposureriskifallowedtoaccumulateintheliquidand
gaseouseffluentsandinthesurroundingenvironment.Reactoraccidentsarerare,butifanaccidentoccurs,
thereareseveralexposurepathwaysincluding:

ï Externaldosefromaplumeoverhead(cloudshine)orradioactivematerialonthe
ground(groundshine).

ï Internaldosedue toinhalingmaterialsdirectlyfromtheplumeorfromstirredupdust.

ï Ingestionofcontaminatedmaterialsinoronfoodorwater.

(3) Examplesofnuclearreactoraccidents.Therearethreespecificexamplesofaccidents
involvingnuclearreactorsthatresultedinvaryingdegreesofexposure.

(a) In October 1957, a plume of radioactive contamination was carried into the
atmospherefromanuclearreactorfireatWindscaleinGreatBritain.Becauseoftheinadequacyofthe
temperaturemeasuringinstrumentation,thecontrolroomstaffmistakenlythoughtthereactorwascooling
downtoomuchandneededanextraboostofheating.Thus,temperatureswereabnormallyhighwhenthe
controlrodswerewithdrawnforaroutinestarttothereactoríschainreaction.Theuraniumandgraphite
ignitedandsent temperaturessoaring to1,300degreescentigrade. As the fireraged,radioactivitywas
carriedaloft.Blueflamesshotoutofthebackfaceofthereactorandthefiltersonthetopofthechimneys
couldonlyholdbackasmallproportionoftheradioactivity.Anestimated20,000curiesofradioactive
iodineescapedalongwithotherisotopessuchasplutonium,cesium,andpolonium.Eventually,thereactor
wasfloodedwithcoolingwaterwhichputoutthefire,andgraduallythereactorwasbroughtundercontrol.

(b) TheThreeMileIslandincidentonMarch28,1979inPennsylvania,wasduetoa
failureinanauxiliarycomponentinthesecondarysystem,whichledtolossofthewatersupplytothesteam
generators.Thisresulted in lackofadequatecoolingcapability toremove theheatproducedwithin the
reactor.Partofthefuelmelted,carryingfissionproductsthroughtheprimarysystemintothepressurizer
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relief tank.  This tank burst open under the rising pressure and fission gaseswere released into the
containment,actuatingalloftheradioactivityalarms.Afterseveralconfusinghours,theoperatorfinally
restoredcoolingtothereactorandrefloodedthecore.Beforetheoperatorfinallyisolatedthecontainment,
fissiongasessuchasxenonandkryptonescapedthroughtheventilationfilters.However,therewasno
uncontrolledreleaseofiodinesorotheraerosolssincetheywerealltrappedinthewaterandthefilters.No
biologicaleffectswereobservedasaresultoftheradioactivematerialsreleasedintheaccident.

(c) OnApril26,1986areactorattheChernobylpowerstationlocatedintheUkraine,
about90miles fromKiev,wasdestroyed inacatastrophicaccident. Theaccidentoccurredduring the
runningofsafetytest,notduringthenormaloperationofthereactor.ThetestcarriedoutatChernobyl-4
wasdesigned todemonstrate thatduring an external electricalgrid failure, aìcoastingî turbinewould
providesufficientelectricalpowertopumpcoolantthroughthereactorcorewhilewaitingforelectricity
fromtheback-updieselgenerators.Poortestdesignandviolationofsafetyregulationsultimatelyresulted
in two explosions. Onewas a steam explosion; the otherwas an explosion of the fuel vapor. The
explosionsliftedthenuclearpilecap,allowingtheentryofair,whichreactedwiththegraphitemoderator
blockstoformcarbonmonoxide.Thisgasignitedandareactorfireresulted.Theendresultwasthatabout
eighttonsoffuelandhighlyradioactivefissionproductswereejectedfromthereactoralongwithaportion
of thegraphitemoderator,whichwasalsoradioactive. Thesematerialswerescatteredaround thesite,
whilecesiumandiodinevaporswerereleasedintotheatmosphere.

e. SourcesfromUnitedStatesForcesCommoditiesandForeignMaterial.

(1) UnitedStates forcesusemanyradioactivecommodities inequipment,vehicles,ships,
aircraft, weapons systems, and so forth. DepletedUranium is discussed separately in Appendix A.
DepletedUranium isnotachemicalora radiological threat. However,DU isa low-level radioactive
materialand,as such, it isdiscussed in thismanual forconvenient referencebymedicalprofessionals.
SomeofthemostcommonradioactivesourcesinUSmaterialare:

ï Tritium(Hydrogen-3).Tritium is theheaviest isotopeofhydrogenand isa low
energybetaemitterwithaphysicalhalf-lifeof12years.Tritiumisgenerallyusedindevicesrequiringa
lightsource,suchaswatches,compasses,andfirecontroldevicesfortanks,mortars,andhowitzers.Only
areleaseofalargeamountinaclosedspacecancauseanexposureofclinicalimportance.

ï Nickel-63.Nickel-63isapurebetaemitterwitharadiologicalhalf-lifeof92years,
andisusedinthechemicalagentmonitor(CAM).ThebetaenergyofNickel-63istoolowtopenetratethe
deadlayerofskin;however,effortsshouldbetakentopreventinternalization.

ï Cesium-137.Cesium-137isusedinthesoildensityandmoisturetester(Campbell
PacificModelMC-1).Cesium-137emitsabetaparticleasitdecaystoBarium-137,whichinturndecays
byemittinggammarays.Thebetahazard isminimalsince theradioactivesource isshielded indouble
encapsulatedstainlesssteel.However,placingthesourceclosetothebody(suchasinapocket)foran
extendedperiodoftimecancauseclinicalinjury.

ï Thorium-232.Thorium-232isanaturallyoccurringradioisotopeofthoriumandis
analphaemitter.Whenthoriumisheatedinair,itglowswithawhitelight.Forthisreason,oneofthe
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majorusesofthoriumhasbeentheWelsbacklanternmantleusedinportablegaslanterns.Thorium-232is
alsousedinradiacsetsAN/VDR-2,AN/PDR-54,andtheAN/PDR-77foruseascalibrationchecksources.
Thorium-coatedopticsarefoundonmanynightvisiondevicesandthermalopticfirecontrolsystems.Also,
heatresistant thoriumalloysareused in thecombustor linerfor theAbrams tank turbineengineandon
variousmilitaryaircraftengines.Ingeneral,Thorium-232presentsaminimalhazard,butcareshouldbe
takentoavoidinternalizationofanyparticlesfromdamagedcomponentsorduringmetalworkingactivities.

ï Americium-241.Americium-241isusedasasealedsourceintheM43A1Chemical
AgentDetectorthatisacomponentoftheM8A1alarm.Americium-241isprimarilyanalphaemitteranda
verylowenergygammaemitter.Externalexposureisnotaconcernunlesslargeamountsofthesubstance
arelocatedinoneareaandpersonnelareinclosecontactforanextendedperiodoftime.

(2) SimilartoUSforcescommodities,someforeignmaterielcontainsradioactivesources.
Althoughthesesourcesdonotpresentahazardtopersonnelworkingclosetothem,itisimportanttobe
awareoftheirpresence,astheycouldbedangerousiftheequipmenthasbeendamagedortamperedwith.
SeeUSACHPPMTG238fordetaileddescriptionsofradioactivesourcesinforeignmateriel.

1-3. Nuclear Weapons Incidents

a. Allnuclearweaponscontainaconventionalhighexplosivecomponent,andinanyaccident
involvingthistypeofweapon,thereisariskofeitheranexplosionofthismaterial,orafire.Eithermay
occurduringanaccidentwiththeweapon,resultinginthedeviceísradioactivematerialbeingdispersedinto
theenvironment.Theprincipalfissilematerialsinnuclearweapons(Uranium-235andPlutonium-239)are
basicallyalphaparticleemitters,andtherefore,internalizingtheseparticlesistheprincipalhazard.However,
thereareweakXandgammarayemissionsassociatedwithalphaparticledecay.TheseweakXandgamma
radiations from unfissioned bombmaterial are not very penetrating, and the intensity is reduced by
approximatelyone-halfforevery5.0millimeter(mm)oftissueorwater.Actualnucleardetonationsdueto
accidentsand/ormishandlingareconsideredtobehighlyunlikely.

b. Afewveryseriousincidentsinvolvingnuclearweaponshaveoccurredthroughouttheworld.
However,thePalomaresincidentremainstodaythemostsevereaccidentinUSnuclearweaponshistory.In
January1966, aB-52bomber carrying fourhydrogenbombs collided inmidairwith aKC-135 tanker
duringhighaltituderefuelingoperationsnearPalomares,Spain.TheKC-135ís40,000gallonsofjetfuel
ignited,killingall four tankercrewmembersand threebombercrewmen. Fourof thebomberíscrew
parachutedtosafety.Wreckagefromtheaccidentfellacrossapproximately100squaremilesoflandand
water.OfthefourH-bombsaboard,twooftheweaponscontaininghighexplosivematerialexplodedon
groundimpact,releasingradioactivematerials,includingplutonium,overthefieldsofPalomares.Athird
nuclearweaponfelltoearthbutremainedrelativelyintact.ThelastonefellintotheMediterraneanandwas
notrecovereduntil7April1966.Landareascontaminatedwithnuclearmaterialwereremediatedwithin
weeksoftheaccident.ContaminatedsoilwasremovedandshippedinmetaldrumstotheSavannahRiver
SiteinSouthCarolina,andburiedthere(1,600tons).Arablesoilcontaminatedatlowerlevelsofradiation
waswatereddownandplowedto30cmdeepinordertodilutethecontaminatedsoilandreducesurface
contaminationofradionuclides.Theexteriorsofhomeswerehoseddownwithwatertoremovesurface
contamination.
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1-4. Terrorism and Radiological Dispersal Devices

a. AnotherthreatfacingUSArmedForcesandcivilianstodayare terroristsandorganizedcrime
groupswhocouldpotentiallyuseRadiologicalDispersalDevices(RDD).AnRDD,asdefinedbya1979
USDOD report to aUS/Soviet committee on disarmament, is any device, including any weapon or
equipmentotherthananuclearexplosivedevice,thatisspecificallydesignedtoemployradioactivematerial
bydisseminatingittocausedestruction,damage,fear,orinjurybymeansoftheradiationproducedbythe
decayofsuchmaterial.Theyare idealweaponsforterrorismandcanbeusedtointimidateanddenyaccess
toanareabyspreadingradioactivematerial.Environmentalradiologicalproblemsareofspecialconcern
sinceatverylowlevelsofradiationtherewillnotbeanyimmediateoutwardsignsofexposure.Notethat
RDDsmayhaveastrongpsychologicalimpactontroopsaswellasthecivilianpopulation.

b. RDDs are low-technology devices thatmay use biomedical sources, industrial radioactive
material, and/or radioactivewaste as its core element in thedevice. Potential radioactivematerial for
RDDsincludemedicalradiationtherapysourcessuchasCobalt-60andCesium-137,nuclearreactorfuel
rods(Uranium-235,Plutonium-239),andradiography/gaugingmaterial(Cobalt-60,Cesium-137,Iridium-
192,Radium-226). Any radioactivematerialwillpresent safety risks to the terrorists themselves, and
wouldpresentseriousdifficultiesforanyadversaryattemptingtostore,handle,anddisseminateiteffectively.
Overall,RDDscouldinvolveó

ï Radioactivematerialcombinedperhapswithconventionalhighexplosive.

ï Medicaland/orindustrialisotopes.

ï Cobalt,cesium,iodine,plutonium,andspentnuclearfuels.

ï Unsophisticateddeliverysystems.

c. AnothertypeofRDDwouldbethemaliciousdistributionofsealedradioactivesources.This
issimplyspreadingtheradioactivematerialbyabandoningthematerialinapopulatedorsensitivearea.In
oneofthefewrecordedincidentsofterroristsactuallyusingradioactivematerials,Chechenrebelsplaced
Cesium-137inabusyMoscowparkinNovember1995.Thematerialwaspackedinaprotectivecanister,
andthusposedaminimalhealththreat.However,theincidentembarrassedtheRussiangovernment,which
wasprobablytheChechensíultimategoal.

1-5. Terrorism and a Single Nuclear Detonation

a. ThereasonsthatterroristsmayperpetrateaWMDattackincludeadesireìtoannihilatetheir
enemies,î to instill fearandpanic inorder toundermineagovernmental regime, tocreateameansof
negotiatingfromapositionofstrength,ortocauseagreatsocialandeconomicimpact.1Asinglenuclear

1. First Annual Report to The President and The Congress of the Advisory Panel to Assess Domestic Response Capabilities for Terrorism

Involving Weapons of Mass Destruction, I. Assessing the Threat (The Rand Corporation, 1999).
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detonation could achieve all of these objectives.  State-sponsored terrorism is regarded as a form of
surrogatewarfareandisacriticalintelligencecollectionobjectivesincemorethan20countriesaresuspected
ofproliferatingNBCweaponstechnology(seeTable1-5).

b. Terroristswhoareable toacquirenuclearweaponsand/orspecialnuclearmaterial (SNM)
representamajorpotentialthreattoUSsecurityandthatofothernations.AfterthecollapseoftheSoviet
Union,Western fears about the security of Russian strategic and nonstrategic nuclearweaponswere
heightened. However, itnowappears that theweaponsaremoresecure thanhadbeen initially feared.
Wheretheremaybeparticularconcernisduringtheirtransportationformaintenanceordismantling,when
theRussianweaponsapparentlyarenotsubjecttothesamestrictsecuritymeasures.2

c. Terroristswhowereeitherunableorunwillingtostealanucleardevice,orwereunsuccessful
in obtaining one on the putative blackmarket,might attempt to build one themselves. Acquiring or
processing SNM, that is, either highly enriched uranium (HEU) or plutonium is extremely difficult.
Althoughmuch of the information about nuclear weapons design and production has become public
knowledgeduringthepast50years,itisstillextraordinaryfornonstateentitiestoattempttoembarkona
nuclearweaponsresearchanddevelopmentprogram.Asuccessfulprogramhingesonobtainingenough
fissilematerialtoformasupercriticalmassforthenuclearweapontopermitachainreaction.Also,the
devicemustalsobesmallandlightenoughtobecarriedbyagivendeliveryvehicle.Ifstringentconditions
arenotmet,theterroristendsupwithadevicethatcannotproduceanysignificantnuclearyield,butwill
insteadfunctionasanRDD.3(Terroristsmayalsodevelopweaponsknownasimprovisednucleardevices
[IND].Suchdevicesmaybefabricatedinacompletelyimprovisedmanner,ormaybeamodificationtoa
USorforeignnuclear weapon.)Finally,anynuclearweaponsprogramwill,bynature,involveanumber
of people, and significant resources, equipment, and facilities. This activitywill increase the risk of
exposureoftheterroristgrouptodetectionby intelligenceandlawenforcementagencies.4

1-6. Nuclear Warfare

Inthecoldwarenvironment,thereweretwobasicscenariosforanexchangeofnuclearweapons:eithera
generalstrategicexchangeoflarge-yieldthermonuclearweapons,orthelimiteduseofnonstrategicnuclear
weaponsonatheaterbattlefield.

a. StrategicNuclearWar.Strategicnuclearwarwoulduseweaponsthatgenerallyrangeinyield
from hundreds of kilotons (KT) tomultiples ofmegatons (MT). They are designed to destroy large
populationcenters,destroyordisruptnationalandstrategicnuclearforcesandtheircommandandcontrol
(C2),andtodestroyordisruptnationalinfrastructure,logistics,andwarfightingcapabilities.Theexchange
ofmultiplestrategicnuclearweaponswouldresultincatastrophiccasualtynumbers,whichwouldoverwhelm
survivinglocalmedicalresources.Militarypersonnelwhoarenominallycapableofreturningtoshort-term
dutywouldbeutilizeddespite significant radiation injury. Casualtieswould receivemedical care and
evacuation as soon as conditions permit according tomass casualty contingency plans.  The only

2.  Ibid.

3. Ibid.

4. Ibid.
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examplesofthistypeofnuclearstrikewerethedestructionofHiroshimaandNagasakiinAugustof1945.
Even though the 1945weaponswere of a relatively low yield as compared to todayísweapons, their
employmentwastoaccomplishstrategicobjectives.Thiseventisnowconsideredtheleastlikelythreat.

b. TheaterNuclearWar.Inthecoldwarenvironment,theaternuclearwarplanningenvisioned
theuseofbothsmall,low-yieldtacticalnuclearweaponsandlargeryieldtheater-levelweapons.Low-yield
tacticalnuclearweapons(deliveredbytubeartilleryormediumbattlefieldrockets)wereplannedforuse
againstspecificenemyunits,keyterrainonthebattlefield,nuclearcapableenemyunits,orforshockvalue
againstspecifictroopconcentrations.Generally,thesewouldrarelyexceed10KT.Also,therewerea
numberofatomicdemolitionmunitions(ADM)presentonbothsidesduringthecoldwar.Sincelow-yield
tacticalweapons have been removed from the inventory, it is no longer appropriate to use the term
ìtactical.îThetermìnonstrategicîisnowusedtodescribetheUStheater-levelcapability.CurrentUS
theater-levelnuclearweaponsincludegravitybombs,airlaunchedcruisemissiles(ALCM),andTomahawk
landattackmissile/nuclear(TLAM/N).Theselargeryield(upto400KT)theaterweaponswouldnormally
beusedattheoperationallevelagainsttheatertargetssuchasenemylong-rangenuclearweaponssystems,
ports,airfields,and theater level logisticbases. Theywouldalsoprovideadeterrenceandresponse to
eithertheenemyísuse,orthreatofuse,ofanyWMD.Whilelargenumbersofcasualtieswouldlikelybe
generatedwithinagivenarea,medicalcarewouldbeavailableoutsidetheareaofimmediatedestruction.
For agivennucleardetonation, casualtieswoulddependonpopulationdensity, terrain,weaponyield,
weaponemploymenttechnique,andotherfactors.Casualtiescouldalsobeproducedatalatertimedueto
fallout. Theprimarypatientmanagementconceptwouldbe toevacuateanddistributecasualties toall
availablemedicaltreatmentfacilities(MTFs).

1-7. Global and Regional Threats

Certain countries have embarked on extensive efforts to acquire and develop nuclear, biological, and
chemicalweapons.Dependingontheirdeliverysystems,theseweaponscanposearegionalandaglobal
threat(seeTable1-5).TheDefenseIntelligenceAgency(DIA)hasestimated that theMiddleEastwill
becometheregionofgreatestconcernintermsofnuclearweaponsoverthenext10to20years.They
judgecertainstatesinthisregionwillbeabletobeginstockpilingnuclearweaponsinthenexttwodecades;
muchsooneriftheyaresuccessfulinpurchasingfissilematerial,oriftheyaresuccessfulinpurchasing
completeweapons.

Table1-5.SummaryofNuclearWeaponry/MaterialandDeliverySystemsbyCountry

COUNTRY
WEAPON/ DELIVERY SYSTEMS

PRIMARY SUPPLIERS
MATERIAL ACQUIRED (does not include dual use aircraft)

Iran 1000MW reactorunder SCUDSRBM Russia

construction;seekstoestablish Shahab-3 MRBM(prototype) China

acompletenuclearfuelcycle

capability.
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Table1-5.SummaryofNuclearWeaponry/MaterialandDeliverySystemsbyCountry(Continued)

COUNTRY
WEAPON/ DELIVERY SYSTEMS

PRIMARY SUPPLIERS
MATERIAL ACQUIRED (does not include dual use aircraft)

Iraq Unknown Al-Samoud SRBM Unknown;underUnited

Ababil-100SRBM Nationsrestrictions.

North Korea 1to2nuclearweapons;enough SCUDSRBM China

plutoniumforseveralmore. NodongMRBM

TaepodongLRBM

Libya Unknown Ballisticmissilesstillunderdevelopment. Russia

EasternEurope

Iran

India Unknownnumberofnuclear Agni-2MRBM Russia

weapons;undergroundtestsin WesternEurope

Mayof1998.

Israel Estimated100-200nuclear Jericho-1,-2MRBM France

weapons;severalreactors,fuel

processingsites,andstorageareas.

Pakistan Unknownnumberofnuclear GhauriMRBM Russia

weapons;testedinlateMay China

of1998. WesternEurope

China 450nuclearweapons;numerous DF-5,-31,-41LRBM N/A

reactors,fuelprocessingsites, DF-3,-4,-21MRBM

andstoragefacilities. JL-1SLBM(LRBM)

Former Soviet 21,000nuclearweapons;numerous Over800strategicLRBM N/A

Union (FSU) reactors,fuelprocessingsites,and Over250SLBMs

storageareas.
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CHAPTER 2

HAZARDS OF NUCLEAR AND RADIOLOGICAL EVENTS

2-1. General

Thischaptercoversbasicbiophysicalandbiologicaleffectsof ionizingradiation,andblastand thermal
effectsinordertoformafoundationforunderstandingtheclinicalaspectsofradiationinjuryandcombined
injury covered later in themanual.  Itmust be emphasized thatwhen dealingwith an actual nuclear
detonation, blast and thermal injuries inmost caseswill far outnumber radiation injuries. However,
radiationeffectsareconsiderablymorecomplexandvariedthanareblastorthermaleffects,andarealso
subject to considerablemisunderstanding. Also, radiation effectswillpredominate inRDDevents and
nuclearaccidents.Sincedatafromhumanexperiencearelimited,muchoftheinformationinthischapter
isbaseduponexperimentalinformationfromanimalstudies.

2-2. Types of Ionizing Radiation

Ionizingradiationissimplynuclearradiationintheformofparticlesorelectromagneticwaves(photons)
that,asitpassesthroughmatter,causesatomstobecomeelectricallychargedorionized.Inlivingtissues,
theseelectricallychargedionsproducedbyradiationmayeffectnormalbiologicalprocesses.Thereare
onlyfourtypesofionizingradiationofbiologicalsignificance.Thesefourtypesofradiationareclassified
intotwo categoriesóparticulateandnonparticulate.Particulateionizingradiationtypesarealphaparticles,
betaparticles,andneutrons.Thenonparticulateradiationtypeiselectromagneticradiation(photonsofx-rays
andgammarays).Certainaspectsoftheirmechanismsofinteractionwithlivingtissuearediscussedbelow.

a. ParticulateIonizingRadiation.

(1) Alpharadiation.Analphaparticleisaheliumnucleusconsistingoftwoprotonsandtwo
neutronsallstronglyboundtogetherbynuclearforces.Althoughhighlyionizing,alphaparticlesareonly
slightly penetrating. They are generally emitted by high atomic number elements such as polonium,
uranium,plutonium,andamericium.Ifthesourceoftheradiationisexternaltothebody,allofthealpha
radiationisabsorbedinthesuperficiallayersofdeadcellswithinthestratumcorneum,oranyouterclothing
or covering. Because of this, alpha radiation is not an external hazard.  If alpha-emittingmaterial is
internallydeposited,alltheradiationenergywillbeabsorbedinaverysmallvolumeoftissueimmediately
surroundingeachparticle.Beyondaradiusofabout0.02millimeters,thedepositionofenergyisverysmall.
Thehighradiationdoseswithinthiscriticalradiusarelethaltothecellsimmediatelyadjacenttothesource.
Thus,whileextremelyhighradiationdosesmaybedepositedinthefewcellsimmediatelysurroundinga
source of alpha radiation, regions outside this irradiated volume are not affected. However, internal
depositionof alphaparticles is important in termsof causing long-term radiation injury. Manyalpha-
emittingmaterialsalsoemitgammaradiation,and thismorepenetratinggammaradiationmay irradiate
tissuesfarfromtheareasofdeposition.

(2) Betaradiation.Betaparticlesareidenticaltoatomicelectronsbut,likealphaparticles,
they are ejected from a nucleuswhen the nucleus rearranges itself into amore stable configuration.
Radioactivematerialsthatemitbetaparticlesaregenerallytheby-productsoffissionofheavynuclidessuch
asplutonium.Theseby-productsincludeelementssuchasCesium-137,Strontium-90,andIodine-131.Beta
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particlescanonlypenetrateafewmillimetersoftissue.Ifthebeta-emittingmaterialisonthesurfaceofthe
skin,theresultingbetairradiationcausesdamagetotheepithelialbasalstratum.Thelesioninitiallyappears
similartoasuperficialthermalburnbutsignificantlymoredamagehasactuallyoccurred.Iftheradionuclide
isincorporatedinternally,thedamagewillbeinsmallspheresoftissuearoundeachfragmentorradioactive
source. However, internal exposures to beta radiation can bemore homogeneous if associatedwith
ingestionofasolublenuclideinfoodstuffs.Thetotaltissuedamageisafunctionofthenumberofsuch
sourceswithintheaffectedtissuevolume,thenuclideísintrinsicradioactivity,andtheradiosensitivityofthe
tissue.Deadcellsarereplacedquicklyinmosttissues.Thelessdenseenergydepositionofbetaradiation
maysimplydamageratherthankillaffectedcells,therebycausingcellstobecomemalignantorotherwise
malfunction,whichinturn,mayleadtolateeffects(seeChapter5).

(3) Neutronradiation.Neutronsareelectricallyneutral,yetbecauseoftheirrelativelylarge
mass, they can severelydisrupt atomic structures. Neutrons areproduced in theprocessesofnuclear
fissionandfusion.Comparedtogammarays,neutronscancausemuchmoredamagetotissue.Collisions
withatomicnucleislowdownaneutronsoitmayundergonuclearcapture.Innuclearcapture,theneutron
isactuallyabsorbedintothetargetnucleusmakingthenucleusunstableand,therefore,radioactive.

b. Electromagnetic(NonparticulateìPhotonî)IonizingRadiation.Gammaandx-raysconstitute
themost abundant form of ionizing radiation associatedwith a nuclear detonation. Most radioactive
materialsalsoemitgammaorx-rayradiationaspartof theirdecayprocesses.Gammaraysandx-rays
haveenergyandmomentum,butnomass,andtravelatthespeedoflight(3x108meterspersecond).They
possessnonetelectricalcharge.Theonlydifferencebetweenthegammaandx-rayphotonsisthatgamma
raysoriginate from thenucleusofanatomwhilex-raysareproducedwheneverhigh-velocityelectrons
strikeamaterialobjectorwhenanorbitalelectronmovesfromanoutertoinnershell.Photonsarehighly
penetratingandalargefractionmaypassthroughthehumanbodywithoutinteraction.Consequently,energy
depositioncanoccuranywhereinthebodyalongaphotoníspath.Asignificantportionofthebodymaybe
exposed to gamma radiation during a nuclear detonation, a nuclear reactor accident, or because of an
industrialaccident.Thisisinmarkedcontrasttothehighlylocalizedexposurepatternthatoccurswithalpha
and betaradiation.High-energygammaemittersdepositedwithinthebodymayalsoresultintotalbody
irradiationjustaseffectivelyasexposuretoexternalsources.

2-3. Units of Measure

Thereareseveraldifferent,butinterrelated,methodsofmeasuringandquantifyingionizingradiation.For
comparisonpurposes,existingandnewunitsofmeasurementarediscussed in thisparagraph (also,see
Table1-1).

a. Exposure.Exposureisdefinedforgammaandx-raysintermsoftheamountofionizationthey
produceinair.Theunitofexposureiscalledtheroentgen(R)andisdefinedas:1R=2.58x10-4 Coulombs
per kilogram in air (C/kg-air). From a clinical standpoint, it must be remembered that some radiation passes
throughavolumeofmaterialortissuewithoutinteractingand,therefore,doesnodamage.Therefore,while
exposuremeasurementsareakeyelementinmakingadiagnosis,theyareonlyapartoftheoverallanalysis.

b. AbsorbedDose. Although the concept of exposure provides ameasurement standard for
electromagneticradiationinair,additionalconceptsareneededforalltypesofradiationanditsinteraction
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withothermaterials,especiallylivingtissue.Absorbeddoseisdefinedastheradiationenergyabsorbedper
unitmass.Thetraditionalunitofabsorbeddoseistherad(radiationabsorbeddose),andisdefinedas100
ergsofenergydepositedpergramofmedium.TheSIunitofmeasureforabsorbeddoseistheGy,defined
asonejouleofenergydepositedperonekilogramofmedium.Itiseasytoconvertthetwo,since1Gyequals
100rads(seeFigure2-1).

Rad
1 rad = 100 ergs/gram

Gray
1 Gy = 1 joule/kilogram = 100 rads

Figure2-1.Unitsofabsorbeddose.

c. DoseEquivalent.

(1) It is recognized that the absorbeddoseneeded to achieve agiven levelofbiological
damageisoftendifferentfordifferentkindsofradiation.Doseequivalentallowsforthedifferentbiological
effectiveness of different types of radiation and provides formeasurement of biological damage, and
resultingrisk,fromaradiationdose.Whenradiationisabsorbedinbiologicalmaterial,ionizationsoccurin
alocalizedfashionalongthetracksoftheparticularphotonorparticlewithapatternthatdependsuponthe
typeofradiationinvolved.Asaresult,thespatialdistributionoftheionizingeventsproducedbydifferent
radiationsvariesgreatly. Linearenergy transfer (LET) is theenergy transferredperunit lengthof the
track.DifferenttypesofradiationhavedifferentLETrates,and therefore,thehighertheLET,themore
effective theradiation isatproducingbiologicaldamage. LowLETradiations (gammaand x-rays)are
generallysparselyionizingandtheymorerandomlyinteractwithmoleculesalongtheirpath.Conversely,
highLETradiations(neutronsandalphaparticles)aremoreuniformlyanddenselyionizing.Toaccountfor
thedifferencesinLET,eachtypeofradiationhasadifferentqualityfactor(QF).TheQFrelatestheamount
ofbiologicaldamagecausedbyanytypeofradiationtothatcausedbythesameabsorbeddoseofgammaor
x-rays(seeTable2-1).TheQFisthenusedtodeterminetheequivalentdose.

Table2-1.QualityFactorsforVariousRadiationTypes

RADIATION TYPE QUALITY FACTOR

X-, gamma-, and beta-rays 1

Alpha particles, fission fragments, and heavy nuclei 20

Neutrons 3ñ20 *

* Values of quality factors for neutrons are dependent upon the energy of the neutron.
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(2) Thedoseequivalentthen,isameasureoftheactualbiologicaldamageintissue.The
traditionalunitofequivalentdoseistherem,whichisequaltotheabsorbeddose,ortherad,multipliedby
theQF.TheSIunitistheSv(seeFigure2-2).Oneremis100ergspergram,and1Svis1jouleper
kilogram.Also,justas1Gyis100rads,1Svis100rems.

Rem = QF x Rad

Sievert = QF x Gy

1 Sv = 1 joule/kilogram = 100 rem

Figure2-2.Unitsofequivalentdose.

d. DoseRate.Doserateisthedoseofradiationperunitoftime.AnexamplewouldbecentiGray
perhour(cGy/hr).

e. Activity.Theactivitylevelofaradioactivematerialissimplyameasureofhowmanyatoms
disintegrate(decay)peraunitoftime.TheexistingunitforthisistheCi.TheCiisbasedontheactivityof
1gramofradium-226,or3.7x1010 radioactive disintegrations per second. The SI unit for measuring the
rateofnucleartransformationsistheBq.TheBqisdefinedasoneradioactivedisintegrationpersecond(see
Figure2-3).

Curie
1 Ci = 3.7 x 1010 nuclear transformations per second

Becquerel
1 Bq = 1 nuclear transformation per second

1 Bq = 2.7 x 10-11 Ci

Figure2-3.Unitsofactivity.

f. Half-life.Activityistiedtoaphysicalpropertyofaradionuclideknownasthehalf-life.The
half-lifeofaradionuclideistheamountoftimeittakesone-halfofthenucleitodecay.Thus,after1half-
life, 

1/2oftheoriginalamountremains.After2half-lives,1/4remains,andafter3half-lives,1/8remains,
andsoforth.Asubstancewithashorthalf-lifedecaysquicklywithacomparativelyhighradioactivitylevel.
Asubstancewithalonghalf-lifedecaysslowlywithacomparativelylowradioactivitylevel.Thehalf-lifeof
radionuclidesrangefromfractionsofasecond(Polonium-212withahalf-lifeof0.0000003seconds),to
billionsofyears(Bismuth-209withahalf-lifeof2x1018years).

2-4. Penetration and Shielding

Personnel can be shielded from ionizing radiation by variousmaterials. Properly shielding personnel
requiresknowledgeofthetypeandpenetrationcharacteristicsoftheradiationinvolved(seeFigure2-4).
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Figure2-4.Radiationpenetrationandshielding.

a. AlphaShielding.Alphaparticlesareheavilychargedparticleswithavery lowpenetration
rangeinair.Theycanbestoppedwithasheetofpaperorat thesuperficiallayersofskin;therefore,any
light clothingorglovesused toprevent contaminationofunderlying clothingor thebodywillprovide
protectionfromthistypeofradiation.

b. Beta Shielding. Beta emitters present two potential external radiation hazards:  the beta
particles themselves, and thex-rays they canproducewhen they strike certainmaterials such as lead.
Althoughbetaparticlescantravelsignificantdistancesinair,materialssuchasaluminum,plastic,orglass
canprovideappropriateshielding.However,theseemittersshouldbehandledwithcare.Becausethelens
oftheeyeisradiosensitive, eyeprotectionintheformofgogglesoraprotectivemaskarerecommended
whenworkingwithhighenergybetaemitters.

c. GammaShielding.Gammaraysandx-raysaremoredifficulttoshieldastheyaretypically
morepenetratingthanalphaandbetaparticles.Shieldingofgammarayphotonsisafunctionofabsorber
thicknessanddensity,and isbasedon theprobability that thegammarayphotonswill interactwith the
mediumthroughwhichtheypass.Asthethicknessofanabsorberisincreased,theintensityofthegamma
radiationwilldecrease.Higherdensitymedialikelead,tungsten,steel,andconcretearegoodshielding
materialagainstgammarayphotons.However,nomatterhowthickordenseagammaorx-rayshieldis,
someofthephotonswillstillgetthrough.

d. NeutronShielding.Leadandotherhigh-densitymaterialsdonotprovideeffectiveshielding
againstneutrons.Neutronshieldingismorecomplicatedthanshieldingagainstgammaorx-raysduetothe
differenceinthewayneutronsinteractwithmatter.Themosteffectivematerialsinslowingdownneutrons
arethelightelements,particularlyhydrogen.Manyhydrogenousmaterials,suchaswaterorparaffinmake
efficientneutronshields.
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2-5. Nuclear Detonation

Anucleardetonation results from the formationofa supercriticalmassof fissilematerial,withanear
instantaneousreleaseofnuclearbindingenergiesandlarge-scaleconversionofmasstoenergy.Fissionis
theprocesswhereaheavierunstablenucleusdividesorsplitsintotwoormorelighternuclei,and,with
certainmaterials, substantial amounts of energy are released. Thematerials used to produce nuclear
explosions are the readily fissile isotopesofuraniumorplutonium: Uranium-235 andPlutonium-239.
Modernweaponsmayboosttheiryieldbyincorporatingafusionelement,whichmayberegardedasthe
opposite of fission.  It is the combining of two light nuclei to form a heavier nucleus (thermonuclear
reaction).Theonlypracticalwaytoobtainthetemperaturesandpressuresrequiredforfusionisbymeans
ofafissionexplosion.Consequently,weaponswithfusioncomponentscontainabasicfissioncomponent.

a. BasicDetonationCharacteristics.Thedestructiveactionofconventionalexplosionsisalmost
entirelyduetothetransmissionofenergyintheformofablastwaveandtheresultantprojectiles(shrapnel).
Theenergyofanuclearexplosionistransferredtotheenvironmentinthreedistinctformsóblast,thermal
radiation, andnuclear radiation. The energydistribution among these three formswilldependon the
weaponyield,thelocationoftheburst,andthecharacteristicsoftheenvironment.Theenergyfromalow
altitudeatmosphericdetonationofamoderate-sizedweaponintheKTrangeisdistributedroughlyasfollows
(seeFigure2-5):

ï Fiftypercentasblast.

ï Thirty-five percent as thermal radiation,which ismade up of awide range of the
electromagneticspectrumincluding infrared,visible,andultravioletlightandsomesoftx-rays.

Figure2-5.Energypartitionfromanucleardetonation.
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ï Fifteenpercentasionizingradiation,including5percentasinitial(orprompt)radiation
emittedwithin the firstminuteafterdetonation,consistingchieflyofneutronsandgammarays,and10
percentasresidualnuclearradiation(fallout).

Itshouldbenotedthatthedistributionofenergyissignificantlyalteredinanenhancedradiationnuclear
weapon(neutronbomb).Aneutronbombisdesignedspecificallytoreducetheenergythatisdissipatedas
blastandheatandincreasetheamountofinitialnuclearradiation.Itsapproximateenergydistributionis30
percentblast,20percentthermal,45percentinitialradiation,and5percentresidualradiation.

b. TypesofBursts. Thealtitudeatwhich theweapon isdetonatedwill largelydetermine the
relative effects of blast, heat, and nuclear radiation. Nuclear explosions are generally classified as
airbursts,surfacebursts,subsurfacebursts,orhighaltitudebursts.

(1) Airburst.Anairburstisanexplosioninwhichaweaponisdetonatedinairatanaltitude
ofsufficientheightthatthefireballdoesnotcontactthesurfaceoftheearth.Thealtitudeofanairburstcan
be varied to obtainmaximum blast effects,maximum thermal effects, desired radiation effects, or a
balancedcombinationoftheseeffects.Burnstoexposedskinmaybeproducedovermanysquarekilometers
andeyeinjuriesoverastilllargerarea.Initialnuclearradiationwillbeasignificanthazardwithsmaller
weapons,but thefallouthazardcanbe ignored,as there isessentiallynofalloutfromanairburst.The
fissionproductsaregenerallydispersedoveraverylargeareaunlessthereislocalrainfall,whichwould
result inamore localized falloutpattern.  In thevicinityofgroundzero, theremaybeasmallareaof
neutron-inducedgroundactivity(NIGA)thatcouldbehazardoustotroopsrequiredtopassthroughthearea.
TheNIGAhazardistemporary,lastingonlyafewdaystoafewweeks.

(2) Surfaceburst.Asurfaceburstisanexplosioninwhichaweaponisdetonatedon,or
slightlyabove,thesurfaceoftheearthsothatthefireballactuallytouchesthelandorwatersurface.Under
theseconditions,theareaaffectedbytheblast,thermalradiation,andinitialnuclearradiationwillbeless
than that for an airburst of similar yield, except in the region of ground zero where destruction is
concentrated.Incontrastwithairbursts,localfalloutcanbeahazardoveramuchlargerdownwindarea
thanthataffectedbyblastandthermalradiation.

(3) Subsurfaceburst.Asubsurfaceburstisanexplosioninwhichthepointofthedetonation
isbeneaththesurfaceofthelandorwater.Crateringwillgenerallyresultfromanundergroundburst,just
asforasurfaceburst.Iftheburstdoesnotpenetratethesurface,theonlyotherhazardwillbefromground
orwatershock.Iftheburstisshallowenoughtopenetratethesurface,blast,thermal,andinitialnuclear
radiationeffectswillbepresent,butwillbelessthanforasurfaceburstofcomparableyield.Localfallout
willbeveryheavyifsurfacepenetrationoccurs.

(4) Highaltitudeburst.Ahighaltitudeburstisoneinwhichtheweaponisexplodedatahigh
altitude (typicallyabove50km)so that itgeneratesan intenseelectromagneticpulse (EMP)whichcan
significantly degrade the performance of, or destroy sophisticated electronic equipment.  Significant
ionizationoftheupperatmosphere(ionosphere)canoccurandthisradiationcantravelforhundredsofmiles
beforebeingabsorbed.Forexample,ahighaltitudeburstofstrategicweaponscouldbeemployedwiththe
intentofcausingseveredisruptionordestructionofnationalcommand,control,communications,computers,
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andintelligencesystems.TherearenoknownadversebiologicaleffectsofEMPatexposurelevelsbelow
theestablishedprotectionstandards.

2-6. Nuclear Detonation Blast Hazards

Therearetwobasictypesofblastforceswhichoccursimultaneouslyinanucleardetonationblastwave;
thesearedirectblastwaveoverpressureforces,measured in termsofatmospheresofoverpressure;and
indirectblastwinddragforces,normally measuredinthevelocitiesofthewindswhichcausethem.The
mostimportantblasteffects,insofarasproductionofcasualtiesrequiringmedical treatmentisconcerned,
will bethoseduetotheblastwinddragforces(seeparagraph2-9,RangeofDamage).However,direct
blasteffectscancontributesignificantlytotheimmediatedeathsandinjuriessustainedclosetothepointof
detonation.Personnelinfortificationsorunbuttonedarmoredvehicleswhoareprotectedfromradiationand
thermalandblastwindeffects,maybesubjected tocomplexpatternsofdirectoverpressuressinceblast
wavesmaybereflectedandreinforcedwithin them. Blasteffectswillalsobepresent toamuch lesser
extentwhenanRDDusesaconventionalexplosiveasthedispersalmechanism.

a. DirectBlast Injury. When theblastwaveactsdirectlyupona resilient target suchas the
humanbody,rapidcompressionanddecompressionresultintransmissionofpressurewavesthroughthe
tissues.Thesewavescanbequitesevereandwillresultindamageprimarilyatjunctionsbetweentissuesof
differentdensities(boneandmuscle)orattheinterfacebetweentissueandairspaces(lungtissueandthe
gastrointestinal[GI]system).Perforationoftheeardrumswouldbeacommon,butaminorblastinjury.
However, direct blast injuries will not occur by themselves; in general, other effects, such as indirect
blast wind drag injuries and thermal injuries are so severe at the ranges associated with these
overpressures that patients with only direct blast injuries will comprise a very small part of the patient
load. Therangeofoverpressuresassociatedwith lethalitycanvarygreatly. Ithasbeenestimated that
overpressuresas lowas193kilopascal (kPa) (1.9atmospheres [atm])canbe lethal,but thatsurvival is
possiblewithoverpressuresashighas262kPa(2.5atm).Itisimportanttonotethatthehumanbodyis
remarkablyresistanttodirectblastoverpressure,particularlywhencomparedwithrigidstructuressuchas
buildings.

b. IndirectBlastWindDragForces. Thedrag forcesofblastwinds areproportional to the
velocitiesanddurationtimesofthosewinds,whichinturnvarywithdistancefromthepointofdetonation,
yieldoftheweapon,andaltitudeoftheburst.Thesewindsarerelativelyshortin durationbutareextremely
severe andmay reach several hundred km per hour.  Indirect blast injurieswill occur as crush and
translational injuries, and asmissile injuries. Casualtieswill be thrown against immobile objects and
impaledbyflyingdebris;therefore,solidorgan,extremity,andheadinjurieswillbecommonplace.The
distancefromthepointofdetonationatwhichsevereindirectinjurywilloccurisconsiderablygreaterthan
thatforseriousdirectblastinjuries.

(1) Crushandtranslationalinjuries.Thedragforcesoftheblastwindsarestrongenoughto
displaceevenlargeobjects,suchasvehicles,ortocausethecollapseoflargestructures,suchasbuildings.
Theseeventscanresultinveryseriouscrushinjuries,similartoinjuriesseeninearthquakesandconventional
bombings.Ahumanbodycanitselfbecomeamissile,andbedisplacedavariabledistanceandatvariable
velocitiesdependingupontheintensityofthedragforcesandthenatureoftheenvironment.Theresulting
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injuriessustainedaretermedtranslationalinjuries.Theprobabilityandtheseverityoftheinjurydependon
thevelocityofthehumanbodyatthetimeofimpact.

(2) Missileinjury.Thenumberofmissilesthatcanbegeneratedbytheblastwindsdepends
tosomeextentupontheenvironment,thatis,differentterraintypeswillhavedifferentquantitiesofmaterial
available formissile production. However, the drag forces of the blast winds produced by nuclear
detonationsaresogreatthatalmostanyformofvegetationorstructure,ifpresent,willbebrokenapartor
fragmentedintoavarietyofmissiles.Multipleandvariedmissileinjurieswillbecommon.Theprobability
ofapenetrating injury increaseswith increasingvelocity,particularly for small, sharpmissiles suchas
glass fragments. Heavier objects require higher kinetic energies to penetrate, therefore, heavy blunt
missileswillnotordinarilypenetratethebody,butcanresultinsignificantinjury,particularlyfractures.

2-7. Nuclear Detonation Thermal Radiation Hazards

Inanuclearwarfareenvironment,thermalburnswillbethemostcommoninjuries,subsequenttoboththe
thermalpulse,andthefiresitignites.Thethermalradiationemittedbyanucleardetonationcausesburnsin
twoways,bydirectabsorptionof the thermalenergy throughexposedsurfaces(flashburns),orby the
indirectactionof firescaused in theenvironment (flameburns). The relative importanceof these two
processeswilldependuponthenatureoftheenvironment.Ifanuclearweapondetonationoccursineasily
flammablesurroundings,indirectflameburnscouldpossiblyoutnumberallothertypesofinjury.

NOTE

Because of the complexity of burn treatment and the increased
logisticalrequirementsassociatedwiththemanagementofburns,they
willconstitutethemostdifficultproblemfacedbythemedicalservice.

a. Flash(ThermalPulse)Burns.Sincethethermalpulseisdirectinfrared,burnpatternswillbe
dictatedbyspatialrelationshipsandclothingpatternabsorption.Exposedskinwillabsorbtheinfraredina
variablepatternandthevictimwillbeburnedonthesidefacingtheexplosion.Personsshadedfromthe
directlightoftheblastareprotected.Lightcolorswillreflecttheinfrared,whiledarkportionsofclothing
willabsorbitandcausepatternburns.HistoricalrecordsfromHiroshimaandNagasakibombingsindicate
that,insomecases,dark-coloredclothingactuallyburstintoflamesandignitedtheundergarments,causing
flameburns.Attemperaturesbelowthoserequiredtoigniteclothing,itisstillpossibletotransfersufficient
thermalenergyacrossclothingtotheskintoproduceflashburns;however,clothingsignificantlyreducesthe
effectiverangeproducingpartial thicknessburns.  Itmustberemembered thatclose to the fireball, the
thermaloutputissogreatthateverythingisincinerated.Theactualrangeouttowhichoveralllethality
wouldbe100percentwillvarywithyield,positionofburst,weather,theenvironmentandhowsoonthose
burnedcanreceivemedicalcare.Themortalityrateamongtheseverelyburnedismuchgreaterwithout
early resuscitative treatment.
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b. FlameBurns.Flameburnsresultfromexposuretofirescausedbythethermaleffectsinthe
environment,particularly from the ignitionofclothing. Thiscouldbe thepredominantcauseofburns
dependinguponthenumberandcharacteristicsofflammableobjectsinthearea.Firestormandsecondary
fireswillcausetypicalflameburns,buttheywillalsobecompoundedbyclosedspacefireinjuries.Patients
withtoxicgasinjuryfromburningplasticsandothermaterial,superheatedairinhalationburns,steamburns
fromrupturedpipesandallotherlargeconflagration-typeinjurieswillrequiretreatment.Complications
ariseinthetreatmentofskinburnscreated,inpart,fromthemeltingofman-madefibers.Therefore,itis
recommendedthatclothingmadeofnaturalfibers,orflameresistantclothing(forexample,Nomex)should
bewornnexttotheskin.Thevariablesofenvironmentalflammabilityaretoogreattoallowpredictionof
eithertheincidenceortheseverityofflameburns.Theburnsthemselveswillbefarlessuniformindegree,
andwillnotbelimitedtoexposedsurfaces.Forexample,therespiratorysystemmaybeexposedtotheeffects
ofhotgases,andrespiratorysystemburnsareassociatedwithseveremorbidityandhighmortalityrates.

c. Eye Injuries. Sincemostpersonnelwillnothaveaccess tospecializedprotectivegoggles,
therewillbenumerouseyeinjuriesthatwillrequiretreatmentbecauseoftheintenselightproducedbya
nuclearexplosion.Suddenexposurestohigh-intensitysourcesofvisiblelightandinfraredradiationcan
causeeye injury,specifically to thechorioretinalareas. Factors thatdetermine theextentofeye injury
includepupildilation,spectraltransmissionthroughtheocularmedia,spectralabsorptionbytheretinaand
choroid,lengthoftimeofexposure,andthesizeandqualityoftheimage.Directvisionopticalequipment
suchasbinocularswill increase the likelihoodofdamage. Nightvisiondevices (NVDs)electronically
amplifytheambientlight,andtheyalsodetectinfraredenergy,themajorcomponentofthethermalpulse.
However,mostNVDsautomaticallyshutdownwhenanintenseburstofenergyhitsthedevice.Eyeinjury
isduenotonlytothermalenergybutalsotophotochemicalreactionsthatoccurwithintheretinawithlight
wavelengthsintherangeof400to500nanometers(nm),inadditiontothermalandblasteffects.

(1) Flashblindness.Flashblindnessoccurswithasuddenperipheralvisualobservationofa
brilliantflashofintenselightenergy;forexample,afireball.Thisisatemporaryconditionthatresultsfrom
adepletionofphotopigmentfrom theretinalreceptors.Thedurationofflashblindnesscan lastseveral
secondswhen the exposureoccursduringdaylight. Theblindnesswill thenbefollowedbyadarkened
afterimagethatlastsforseveralminutes.Atnight,flashblindnesscanlastforupto30minutesandmay
occurupto100kmfromtheblast(seeFigure2-6).

(2) Retinalburns.Directobservationofabrilliantflashoflightinthewavelengthsof400to
1,400nmcancausemacular-retinalburns. Burnsof themaculawillresult inpermanentscarringwith
resultantlossinvisualacuity.Burnsoftheperipheralregionsoftheretinawillproducescotomas(blind
spots), but overall visual acuitywill be less impaired.  These burns can occur at extended distances
dependinguponyield(seeFigure2-6).

2-8. Nuclear Detonation Radiation Hazards

a. InitialRadiation.About5percentoftheenergyreleasedinanuclearairburstistransmittedin
theformofinitialneutronandgammaradiation.Theneutronsresultalmostexclusivelyfromtheenergy
producedby fissionand fusion reactions. The initialgamma radiation includes thatarising from these
reactions,aswellasthatfromthedecayofshort-livedfissionproducts.Theintensityoftheinitialnuclear
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radiationdecreasesrapidlywithdistancefromthepointofburst.Thecharacteroftheradiationreceivedat
agivenlocationalsovarieswithdistancefromtheexplosion.Nearthepointoftheexplosion,theneutron
intensityisgreaterthanthegammaintensity,butreducesquicklywithdistance.Therangeforsignificant
levelsofinitialradiationdoesnotincreasemarkedlywithweaponyield.Therefore,theinitialradiation
becomeslessofahazardwithincreasingyield,asindividualscloseenoughtobesignificantlyirradiatedare
killedbytheblastandthermaleffects.Withweaponsabove 50KT,blastandthermaleffectsaresomuch
greaterinimportancethatpromptradiationeffectscanbeignored(seeparagraph2-9).

Figure2-6.Flashblindnessandretinalburnsafeseparation.

b. ResidualRadiation.Residualionizingradiationfromanuclearexplosionarisesfromavariety
ofsourcesbutisprimarilyintheformofNIGAandradioactivefallout.

(1) Fission products.  There are over 300 different fission products produced during
detonation.Manyoftheseareradioactivewithwidelydifferinghalf-lives.Somefissionproductshavehalf-
liveslastingonlyfractionsofasecond,whileothermaterialscanbeahazardformonthsoryears.Their
principalmodeofdecayproducesbetaandgammaradiation.
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(2) Unfissionednuclearmaterial.Nuclearweaponsarerelativelyinefficient intheiruseof
fissilematerial,andmuchoftheuraniumandplutoniumisdispersedbytheexplosionwithoutundergoing
fission.Suchunfissionednuclearmaterialdecaysprimarilyby theemissionofalphaparticlesand isof
relativelyminorimportanceaslongasitremainsoutsideofthebody.Also,theneutronsthatareemittedas
partoftheinitialnuclearradiationwillcauseactivationoftheweaponresidues.

(3) Neutroninducedgroundactivity.Ifatomicnucleiinsoil,air,andwaterareexposedto
neutronradiationandcaptureneutrons,theywill,asarule,becomeradioactive(NIGA)dependingontheir
compositionanddistancefromtheburst.Theythendecaybyemissionofbetaandgammaradiationoveran
extendedperiodoftime.Forexample,asmallareaaroundgroundzeromaybecomehazardousasaresult
ofexposureofthemineralsinthesoiltoinitialneutronradiation.Thisisnormallyanegligiblehazard
becauseofthelimitedareainvolved.

(4) Fallout.

(a) Inanuclearweaponsurfaceburst,largeamountsofearthorwaterwillbevaporized
bytheheatofthefireballanddrawnupintotheradioactivecloud,especiallyiftheexplosiveyieldexceeds10
KT.Thismaterialwillbecomeradioactivewhenitcondenseswithfissionproductsandotherradioactive
contaminantsor if itbecomesneutron-activated.Thesematerialswill thenbedispersedbyatmospheric
windsand,dependinguponmeteorologicalconditions,willgraduallysettletotheearthíssurfaceasfallout.
The larger particles will settle back to earth within 24 hours as local fallout.  Severe local fallout
contaminationcanextendfarbeyond theblastand thermaleffects,particularly in thecaseofhighyield
surfacedetonations. Incasesofwatersurface(andshallowunderwater)bursts, theparticles tend tobe
lighterandsmaller.Thisproduces less localfalloutbutextends thespreadofcontaminationoutovera
greaterarea.Forsubsurfacebursts,thereisanadditionalphenomenoncalledbasesurge.Thebasesurge
isacloudthatrollsoutwardfromthebottomofthecolumnproducedbyasubsurfaceexplosion.

(b) Scavenging refers to processes that increase the rate at which radioactivity is
removedfromthefalloutcloudanddepositedontheearthíssurface.Precipitationscavengingistheprocess
inwhich rainor snow falls through the fallout cloud and carries contaminatedparticlesdownwith it.
Precipitationscavengingoccurs in two formsórainoutandwashout. Rainoutoccurswhenaraincloud
formswithinthefalloutcloud,whilewashoutoccurswhentheraincloudformsabovethefalloutcloud.The
strengthoftherainandthelengthoftimetheradioactivecloudiswashedmarkedlyaffectthepercentageof
radioactivityscavenged.Evidenceindicatesthatwashoutisfarlesseffectivethanrainout.Eveninthecase
of an airburst,which does not usually produce early fallout, rainout orwashout can cause significant
contaminationonthegroundasaresultofscavengingofradioactivedebris.Thiscontaminationistypically
foundinconcentratedhotspotscreatedbetweenridgesintheearthíssurfaceorwhereverrainwatercollects.

2-9. Range of Damage

Table2-2showstherangesinkilometersofbiologicaldamageforthehazardsdiscussedabove.Theranges
notedareforweaponsofvariousyields includingverylowyieldINDs.Theseeffectswerecalculatedusing
LawrenceLivermoreNationalLaboratoryísHotspot,Version8.0,simulatingasurfaceburstwith25-mile
visibility,andnointerveningshieldingorsheltering.
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Table2-2.ComparisonofWeaponsEffectsbyYieldinKilometers

WEAPON EFFECT WEAPON YIELD (KT)

0.01 KT 0.1 KT 1 KT 10 KT 100 KT 1 MT

Blast: Lethality1

Threshold: 30psi(30ñ50) 0.038 0.081 0.18 0.38 0.81 1.8

50%:50psi(50ñ75) 0.030 0.065 0.14 0.30 0.65 1.4

100%:75psi(75ñ115) 0.025 0.055 0.12 0.25 0.55 1.2

Blast: Lung Damage

Threshold:8psi(8ñ15) 0.074 0.16 0.34 0.74 1.6 3.4

Severe: 20psi(20ñ30) 0.046 0.098 0.21 0.46 0.98 2.1

Blast: Eardrum Rupture

Threshold: 5psi 0.096 0.21 0.44 0.96 2.1 4.4

50%:14psi 0.055 0.11 0.25 0.54 1.1 2.5

Thermal: Skin Burns2

50%Firstdegree(2ñ3cal/cm2) 0.13 0.37 1.2 3.4 8.3 17

50%Seconddegree(4ñ5cal/cm2) 0.089 0.24 0.86 2.5 6.5 14

50%Thirddegree (6ñ8cal/cm2) 0.073 0.18 0.71 2.1 5.6 12

Retinalburns(0.0001cal/cm2) 10 20 33 49 66 84

Flash blindness(0.16cal/cm2) 0.44 1.3 3.7 9 18 31

Ionizing Radiation Effects

100%death,<1day:10,000cGy 0.14 0.21 0.36 0.66 1.1 1.9

100% death, few days: 1000 cGy 0.21 0.36 0.65 1.0 1.6 2.4

50% death,weeks:450cGy 0.25 0.45 0.77 1.2 1.7 2.6

<5%deaths,years:100cGy 0.36 0.64 1.0 1.5 2.0 3.0

Start acute effects: 50 cGy 0.43 0.75 1.1 1.6 2.2 3.1

1 Blast lethality data is only for direct pressure effects.

2 50% incidence rates are limited to exposed skin.

2-10. Radioactive Contamination Hazards

Radioactivematerialreleasedtotheenvironmentcanposebothinternalandexternalcontaminationhazards
to forces operating in these environments.  External hazards are generally associatedwith skin con-
tamination,andincludethebiologicaleffectsofcutaneousirradiation,andincreasedprobabilitiesofinternal
contamination. Internalcontaminationhazardsareassociatedwith theexposureof internalorgansfrom
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radioactivematerialthathasbeentakenintothebodyviainhalation,ingestion,orabsorptionthroughtheskin
orawound.ForadetaileddiscussionofcontaminationseeChapter4,RadioactiveContamination.

a. ExternalContamination. Significantamountsof radioactivematerialmaybedepositedon
personnelandgroundsurfacesaftertheuseofnuclearweaponsand/orRDD;andafterthedestructionof
nuclear reactors;nuclearaccidents;or improper radiologicalwastedisposal.  In severecasesof fallout
contamination,lethaldoses(LDs)ofexternalradiationmaybeincurredifprotectiveorevasivemeasures
arenotundertaken. Militaryoperations in these contaminated areas could result inmilitarypersonnel
receiving sufficient radiation exposure or particulate contamination towarrantmedical evaluation and
remediation.Ingeneral,theexternalcontaminationhazardtoboththepatientandattendingmedicalpersonnel
will be so negligible thatNECESSARYMEDICALOR SURGICALTREATMENTMUSTNOTBE
DELAYEDBECAUSEOFPOSSIBLECONTAMINATION.Ifexternalcontaminationisdetected,internal
contaminationmayalsobepresent.

b. InternalContamination.  In a nuclear explosion,more than 300 radioactive isotopes are
releasedintothebiosphere,ofwhichabout40 areproducedinsufficientabundanceandwithsufficientlylong
half-lifetobeofsignificance.Thisfalloutmaybedepositedontoclothingand/orskinand,then,mayenter
thebody.Inanuclearreactoraccidentscenario,radionuclidesmayenter thebody throughwounds,or
gaseousmaterial or particulatematterwhichmay be inhaled and subsequently absorbed or deposited
throughouttherespiratorytract.Radioactivematerialthatfallsontofoodorintothewatersupplyorthatis
transferred fromhand tomouthmaybe ingested. Asourceofchronicexposure isradioactivematerial
incorporatedintothefoodchain,asinthecaseofcontaminatedcowísmilkandmushroomsincountriesof
theformerSovietUnionaftertheChernobylaccident.Othersourcesofinternalcontaminationaremedical
misadministrationandtheinternalizationofradioactivematerialsfromanRDD.
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CHAPTER 3

TREATMENT OF HIGH-DOSE RADIOLOGICAL

AND COMBINED INJURY CASUALTIES

3-1. General

Thischapterdiscussesthetreatmentofcasualtieswhohavesufferedhigh-doseradiologicalinjuriesand/or
combinedinjuries.Inanucleardetonationroughly15percentofthecasualtiescanresultfromradiation
exposurealone. Onlyasmallpercentageof thephysical traumacasualtieswillnothavesome formof
radiationinjurythatwillcomplicatetheirrecovery(seeTable3-1).Casualtiesfromanucleardetonation
thathavebeenexposedtoextremelyhighdosesofradiationarenormallyintherangewheretheywouldbe
killedorseverelyinjuredbytheblastandthermaleffects.However,inthemorelikelyscenariosinvolving
RDD or nuclear incidents, high dose radiological casualties without some form of traumamay be
encountered. Becauseof this,andbecauseof thecomplexities involvedwith treating ionizingradiation
injuries,managementof radiologicalcasualtieswillbediscussed first. Treatmentofcombined injuries
followsinalatersection.Adetailedlistofmedicationsusedintreatmentispresentedin AppendixB.Also,
AppendixCcontainspatientdescriptionsinvolvingradiationdosesandcombinedinjuries.Thesedescriptions
aretermedTreatmentBriefs(TBs).Theymayhelpphysiciansandothermedicalstaffasquickreference
materialforthetreatmentofradiationandcombinedinjurycasualties.

Table3-1.PredictedDistributionofInjuriesSustainedfromaNuclearDetonation

INJURY TYPES PERCENTAGE OF TOTAL INJURIES

Radiationonly 15

Burnonly 15

Woundonly 3

Irradiation,Burns,andWounds 17

IrradiationandBurns 40

IrradiationandWounds 5

WoundsandBurns 5

CombinedInjuryTotal 67

Section I.  IONIZING RADIATION EFFECTS ON CELLS AND TISSUES

3-2. General

Awiderangeofbiologicaleffectsincellsandtissuesmayfollowexposuretoionizingradiation.Thesemay
includerapiddeathfollowingextremelyhighradiationdosesofpenetratingwhole-bodyradiation,ordelayed
radiationeffectsfollowinglowerdoses.Differingbiologicalfactorssuchasanimalspeciesandage,aswell
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asradiologicalfactors,suchasthetypeofradiation,dose,anddoserate(seeChapter2),producevariations
ofresponseinbiologicalsystems.

3-3. CellularEffectsofIonizingRadiation

a. General.Observedcellulareffectsofradiationaresimilarfordifferenttypesanddosesof
ionizingradiation,andarerelatedtotwomodesofactioninthecell.Directactioniswhentheradiationhits
aparticularlysensitiveatomormolecule(suchasdeoxyribonucleicacid[DNA])inthecell.Thisdamage is
sometimesirreparablewiththecelleitherdyingormalfunctioning.Indirectactioniswhentheradiation
damagesacellbyinteractingwithwatermoleculeswithinthecellsofthebody.Theinteractionwiththe
watermoleculesleadstothecreationofunstable,toxichyperoxidemoleculesthatleadtodamageinother
subcellularstructureswithinthecell.

b. RelativeCellularRadiosensitivity.Cellularradiosensitivitytendstovaryinverselywiththe
degreeofcelldifferentiation.Infact,cellsmaybeclassifiedindecreasingorderofsensitivityintofour
categoriesóvegetativecells,differentiatingcells,totallydifferentiatedcells,andfixednonreplicatingcells.

(1) Vegetativecells.Thesecellsaregenerallythemostradiosensitive.Examplesincludeó

ï Freestemcellsofhematopoietic tissue (hemocytoblasts,primitive lymphoblasts,
primitiveerythroblasts,andprimitivemyeloblasts).

ï Dividingcellsdeepintheintestinalcrypts.

ï Primitivespermatogoniaintheepitheliumoftheseminiferoustubules.

ï Granulosacellsofdevelopingandmatureovarianfollicles.

ï Basalgerminalcellsoftheepidermis.

ï Germinalcellsofthegastricglands.

ï Lymphocytes.

ï Mesenchymal cells.

(2) Differentiatingcells. Thesecellsaresomewhat lesssensitive to radiation. Theyare
relativelyshort-livedandincludethefirstgenerationproducedbydivisionofthevegetativemitoticcells.
They usually continue to divide a limited number of times and differentiate to some degree between
divisions.Asdifferentiationoccurs,radiosensitivitydecreases.Thebestexamplesofthistypeofcellare
thedividinganddifferentiatingcellsofthegranulocyticanderythrocyticseriesinthebonemarrow.

(3) Totallydifferentiated cells. These cells are relatively radioresistant. Theynormally
haverelativelylonglifespansanddonotundergoregularorperiodicdivisionintheadultstage,exceptunder
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abnormalconditionssuchasfollowingdamageto,ordestructionofalargenumberofthesecells.Thisclass
includeshepatocytes, cellsof interstitialgland tissueof thegonads, smoothmuscle cells, andvascular
endothelialcells.

(4) Fixednonreplicatingcells.Thisgroupofcellsisthemostradioresistantandincludesthe
long-livedneurons, striatedmuscle cells, short-livedpolymorphonucleargranulocytes and erythrocytes,
spermatidsandspermatozoa,andthesuperficialepithelialcellsofthealimentarytract.Theyarehighly
differentiatedmorphologicallyandhighlyspecializedinfunction.Theydonotnormallydivide,andsome
types,suchasneurons,donotdivideunderanycircumstances.

3-4. RelativeTissueRadiosensitivity

Therelativeradiosensitivityofaspecifictissuedependsuponitscomponentcellsensitivities.Table3-2lists
various tissuesandorgans indecreasingorderof radiosensitivity. Characteristicsof specific tissues in
criticalorgansystemsarediscussedinthefollowingparagraphs.

Table3-2.RelativeRadiosensitivityofVariousTissuesBasedonParenchymalHypoplasia

ORGANS
RELATIVE CHIEF MECHANISM OF

RADIOSENSITIVITY PARENCHYMAL HYPOPLASIA

Lymphoidorgans;bonemarrow, testesand High Destructionofparenchymalcells,especially

ovaries;small intestines;embryonic tissue thevegetativeordifferentiatingcells

Skin;corneaand lensof eyes;gastrointestinal Fairlyhigh Destruction of vegetative anddifferentiating

organs: cavity, esophagus, stomach, rectum cellsofthestratifiedepithelium

Growing cartilage; the vasculature; Medium Destruction of proliferating chondroblasts or

growing bones osteoblasts; damage to the endothelium;

destruction of connective tissue cells and

chondroblasts or osteoblasts

Mature cartilage or bone; lungs; kidneys; liver; Fairly low Hypoplasia secondary damage to the fine

pancreas; adrenal gland; pituitary gland vasculature and connective tissue elements

Muscle;brain;spinalcord L ow Hypoplasiasecondarydamage to the fine

vasculatureandconnective tissueelements,

with littlecontributionby thedirecteffectson

parenchymal tissues
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a. TheHematopoieticSystem.

(1) Thehematopoieticcellsinthebonemarrowhaveahighturnoverrate.Inaddition,bone
marrowhas a largenumberofhematopoietic cells in reserve.  Inotherwords, a large fractionof the
hematopoieticsysteminthebonemarrowisnormallynonfunctioningbuthasthepotentialtobefunctionalif
required.Thebone marrowcontainsthreecellrenewalsystemsorlinesofcellsótheerythropoietic(red
cell) system, themyelopoietic (white cell) system, and the thrombopoietic (platelet) system. The time
cycles and cellular distribution patterns and postirradiation responses of these three systems are quite
different.Studiessuggestthatapluripotentialstemcellgivesrisetothesethreemaincelllinesinthebone
marrow.Beyondthispluripotentialstemcell,however,eachcellrenewalsystemorlineofcellsconsistsof
aspecificstemcellcompartmentfortheproductionoferythrocytes,leukocytes(lymphocytes,granulocytes,
monocytes,andsoforth),orplatelets;aspecificcompartmentfordividinganddifferentiatingerythrocytes,
leukocytes,orplatelets;aspecificcompartment formaturing (nondividing)erythrocytes, leukocytes,or
platelets; and a specific compartment formature, functional erythrocytes, leukocytes, and platelets.
Researchstudiessuggestthateachofthesecellrenewalsystemsoperatesundertheinfluenceofregulating
factors,primarilyatthestemcelllevel,throughanegativefeedbacksysteminitiatedinlargemeasureby
thelevelofmaturecirculatingcellsintheperipheralblood.

(2) RadiationexposureatanLD50levelwilldepletethehematologicalstemcellpopulation
drastically.Asthefunctional,maturecellsdie,theycannotbereplaced,andtheoverallpopulationofthese
maturecellsinthesystemdecreaseswiththeresultantclinicalconsequences.Whenthecapabilityforstem
cellstomatureisrecovered,agradualreturnofafunctionalcellularpopulationensues.

b. TheGastrointestinalSystem.

(1) Thevulnerabilityofthesmallintestinetoradiationisprimarilyduetothecellrenewal
kineticsoftheintestinalvilli.Thisiswhereepithelialcellformation,migration,andlossoccur.Thefour
cellcompartmentsinvolvedare:Thestemandproliferatingcellcompartment,thematurationcompartment,
thefunctionalcompartment,andtheextrusionzonecompartment.Stemcellsandproliferatingcellsmove
fromcryptsinthevilliintoamaturationcompartmentattheneckofthecrypts.Then,functionallymature
epithelialcellsmigrateupthevilluswallandareextrudedatthevillustip.Inman,theoveralltransittime
fromstemcelltoextrusiononthevillusisestimatedat7to8days.

(2) Becauseofthehighturnoverrateoccurringwithinthestemcellandtheproliferatingcell
compartmentofthecrypt,markeddamageoccursinthisregionbywholebodyradiationdosesabovethe
mid-lethal range. Destruction, as well asmitotic inhibition, occurs within the highly radiosensitive
proliferatingcellcompartmentwithinhoursafterhighdoseradiationexposure.Maturingandfunctional
epithelialcellscontinue tomigrateup thevilluswallandareextruded,although theprocess isslowed.
Shrinkageofvilliandmorphologicalchangesinmucosalcellsoccurasnewcellproductionisdiminished
withinthecrypts.Thiseventuallyresultsindenudationoftheintestinalmucosa.Concomitant injurytothe
microvasculatureofthemucosaandsubmucosaincombinationwiththisepithelialcelldenudationresultsin
hemorrhageandmarkedfluidandelectrolytelosscontributingtoshock.Theseeventsnormallyoccurwithin
onetotwoweeksafterirradiation.Asecondmechanismofinjuryhasrecentlybeendetectedatthelower
rangeoftheGIsyndrome,orbeforemajordenudationoccursathigherdosesofradiation.Thisresponseis
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afunctionalincreaseinfluidandelectrolytesecretionfromtheepithelialcellswithoutvisiblecelldamage.
Thissecondmechanismmayhaveimportantimplicationsforfluidreplacementtherapy.

c. Cardiovascular/CentralNervousSystems.

(1) Atextremelyhighdoses(2000cGyñ3000cGyandhigher),damagetothecentralnervous
systemandcardiovascularsystemsaresevereandirreversible.Thedamageisrelatedtointerruptionsof
the normal regulatory control systems, such as controlling responses in heart rate, respiration, blood
pressure,bodytemperature,andsoforth.However,thevisiblemorphologicalchangesatthecelllevelof
the central nervous system (CNS) are limited to a few tissues, including the granule cell layer of the
cerebellumandthemeningealliningofthebrain.Also,thereisabreakdownoftheblood-brainbarrierthat
leads tocerebraledema.

(2) Also,themicrovasculatureofalltissueandorgansystemsissusceptibletodamageby
ionizing radiation exposure. The amountof tissuedamage and thedegree towhich repair ensues are
dependentonthelevelanddurationofexposure,ontheextentoftissueexposed,andonthetypeofradiation.
Exposure-induced lesions on luminal surfaces of endothelial cells appear to provide initial sites for
thrombogenic foci, that not only extends endothelial damage with resulting changes in vessel wall
permeability,butalsoactivatesareparativemolecularcascadeinanattempttocorrectthevasculardefect.
ThemajormolecularplayersinthiscascadeincludevonWillenbrandfactor(vWf,clottingfactor-8)which
isreleasedfromdamagedendothelialcells;theselectedbindingofangiogeniccytokines(angiogenicand
platelet-derivedendothelialgrowthfactors)whichstimulatetheregrowthofdamagedendothelialsites;and
finally, thedamage-mediatedreleaseofcytokinesbybloodplateletsand lymphocytes. Thesecytokines
selectively stimulateproliferationofnewperivascular elements. Within limitsof exposure, this repair
sequencecommonlyresultsinarestructured,fullyfunctionalvessel.

Section II.  SYSTEMIC EFFECTS OF HIGH-DOSE RADIATION

3-5. General

Thissectionfocusesonthesystemiceffectsofhighdoseradiationresultingfromnuclearwarfareorahigh-
doseradiationincident.Examplesofahigh-doseradiationincidentwouldbe:

ï Anactualnucleardetonationresultingfromaspecialweaponaccident.

ï Whenweaponsorfuel-gradenuclearmaterialisallowedtoformacriticalmass(ìacriticality
incidentî).

ï Orwhenan individual isexposed toahighlyconcentratedformofradioactivematerial,as
wouldbepresentinirradiatorfacilitiesorfromunshieldedspentnuclearreactorfuel.

Wholebodyirradiationispotentiallythemostdamagingradiation.However,partialbodyirradiationismost
likelytooccurinbothtacticalscenariosandinradiologicalincidentssinceterrain,obstacles,shielding,and
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so forthwouldprecludewholebodyexposure. Therefore,partialexposurewould limit theamountof
radiation actually transmitted to the body.  Specific organ irradiation due to internal and external
contaminationisdiscussedinChapter4,RadioactiveContamination.

3-6. AcuteRadiationSyndrome

a. General.Acuteradiationsyndromeisacomplexclinicalpresentationofinjuriesthatoccur
afterexposuretoahighdoseofionizingradiation.Theclinicalpresentationisdependentonthetype,rate,
anddoseofradiationreceived. Acuteradiationsyndromehasbeenencounteredafter thedetonationof
nuclearweapons,afterindustrialradiationaccidents,afterplannedradiotherapy,andsoforth.Thereare
threephasestotheacuteradiationsyndrome:Aprodromalorinitialphaseoccurringduringthefirstfew
hoursafterexposure;alatentphase,whichbecomesshorterwithincreasingdoseofradiationexposure;and
amanifestphaseinwhichtheclinicalillnessappears.

(1) Prodromalorinitialphase.Theprodromalsymptoms(prodrome)includetherapidonset
ofnausea,vomiting,andmalaise.Thisisanonspecificclinical responsetoacuteradiationexposure.The
speedofonsetanddurationofsymptomsvarywiththedegreeofexposuretoacutedosesofradiation,butare
notdiagnosticofthedegreeofradiationinjury.Anearlyonsetofsymptomsintheabsenceofassociated
traumadoessuggestalargeradiationexposure.

(2) Latentphase.Followingrecoveryfromtheprodromalphase,therewillbealatentphase
duringwhichtheexposedindividualwillberelativelysymptomfree.Thelengthofthisphasevarieswiththe
doseandthenatureofthelatermanifestphase.Thelatentphaseislongestprecedingthebone-marrow
depressionofthehematopoieticsyndromeandmayvarybetween2and6weeks.Itissomewhatshorter
priortotheGIsyndrome,lastingfromafewdaystoaweek.Itisshortestofallprecedingtheneurovascular
syndrome,lastingonlyamatterofhours.Thesetimesareexceedinglyvariableandmaybemodifiedbythe
presenceofotherdiseaseorinjury,orbymedicalintervention.

(3) Manifestphase. Thisphase iswhen theclinicalsymptomsassociatedwith themajor
organsysteminvolved(marrow,intestine,neurovascularsystem)becomeevident.Theclinicalsymptoms
areclassifiedunderthreesubsyndromes.Thedetailsofeachofthethreesubsyndromesaredescribedin
paragraph3-6c.

b. Lethality/LethalDose.

(1) Withoutmedicalintervention.Inthefollowingsections,thetermlethaldosemaybeused.
Forexample,adosethatislethalto50percentofagivenpopulationwithinaspecifictimeframeafter
exposure isannotatedasLD50. TheLD50maydefineacute lethality,butcanbemodified toallowfor
mortality over a specific length of time. The common time periods used are 30 days formost small
laboratoryanimalsand60daysforlargeanimalsandman.Thespecifictimeperiodisindicatedbyasecond
numberinthesubscript:LD50/30 andLD50/60 indicate50percentmortalitywithin30daysand60days
respectively.Figure3-1isagraphicrepresentationofatypicalmortalityresponsetoradiation.TheLD50

of radiation thatwill kill 50 percent of exposed personswithin a period of 60 dayswithoutmedical
intervention(LD50/60)isanacutedosetothewholebodyofapproximately450cGy,asmeasuredinfree
air.Medically,otherfiguresofinterestarethedosethatwillkillvirtuallynoone(LD5)andthedosethat
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willkillvirtuallyeveryone(LD95).Approximationsofthosedosesarewithinthefreeinairrangesof200to
300cGyand600to700cGy,respectively.Thesevaluesareimportantindeterminingtreatmentpriorities.

Figure3-1.Lethalityasafunctionofdose.

(2) Withmedical intervention. Adequatemedical intervention significantly increases the
LD50 andmarkedlydiminishesmortality.Figure3-2showstheimpactof medicalinterventiononlethal
doses (adapted from theU.S.ArmyHumanResponseDoseCommitteeMeetingminutes, 10October
2000).TheLD50forradiationmovesfromapproximately400cGytoapproximately600cGyiftheexposed
servicememberreceivestimelymedicaltreatmentthatisgenerallyavailablewithinatheaterofoperations.

c. AcuteRadiationSubsyndromes.Thesubsyndromesofacuteradiationsyndromeincludethe
hematopoietic,gastrointestinal,andcardiovascular/CNSsyndromes.Thesyndromesaredosedependent,
interrelatedandcumulative.Asdoseisincreased,thehematopoieticsystem,gastrointestinalsystemand
cardiovascular/centralnervoussystemsareeachaffectedinturn,basedlargelyontheradiosensitivityofthe
underlyingcellandtissuesystem.Clearly,adosesufficienttoimpactthegastrointestinalsystemwillalso
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impact thehematopoietic system. Doses sufficient to impact theCNS system result in lethalitybefore
expressionofthelowerdosesyndromes.Thesyndromesarediscussedinturnbelow.

Figure3-2.Estimatesofmedicalinterventionondoseeffectmodels.

(1) Hematopoieticsyndrome.Patientswhoreceiveddosesofradiationintherangeof200to
600cGywillhavedepressionofbonemarrowfunctionwithcessationofbloodcellproduction leading to
pancytopenia.Changeswithintheperipheralbloodprofilewilloccurasearlyas24hoursafterirradiation(see
Figure3-3).Theexacttimesequenceofthedepressionofvariouscirculatingcelllineswillvary.Lymphocytes
willbedepressedmostrapidlyanderythrocytes leastrapidly.Other leukocytesand thrombocyteswillbe
depressedsomewhatlessrapidlythanlymphocytes.Ifthebonemarrowdepressionistheresultofmultiple,
fractionatedexposures,ortoanexposurethatoccursoveraperiodofhourstodays,itmaybedifficultto
estimatewhenthedepressionwilloccur.Areasonableaveragetimeforonsetofclinicalproblemsofbleeding
andanemiaanddecreasedresistancetoinfectionis2to3weeks.Ifaninfectionoccurs,theremaybelittle
clinicalresponsebecauseoftheconcomitantlydepressedinflammatoryresponse.

(a) Erythropoiesis. The erythropoietic system is responsible for the production of
matureerythrocytes(redcells).Becauseimmatureerythroblastsandproerythroblastsproliferaterapidly,
theyaremarkedlysensitivetocellkillingbyionizingradiation.Deathofstemcellsandofthosewithinthe
dividinganddifferentiatingcompartmentareresponsibleforthedepressionoferythropoieticmarrow.If
sufficientlysevere,thisdepressionisresponsibleforthesubsequentradiation-inducedanemia.Becauseof
the relativelyslow turnover rate,approximatelyonepercent lossof redcellmassperday,evidenceof
anemiaisusuallymanifestedafterdepressionoftheothercelllines.Thissystemhasamarkedpropensity
forregenerationfollowingirradiation.Aftersublethalexposures,marrowerythropoiesisnormallyrecovers
slightlyearlierthangranulopoiesisandthrombopoiesisandoccasionallyovershootsthebaselinelevelbefore
levelsatornearnormalarereached.
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Figure3-3.Hematologicalresponsetowhole-bodyexposureof1Gy(100cGy)and3Gy(300cGy).

(b) Lymphopoiesis.Lymphocytesarethemostradiosensitivecellsofthehematopoietic
system.Shortlyafterexposuretoionizingradiation,maturelymphocytesshowearlynecrosisandimmature
spleniclymphocyteshaveevidenceofchromatinclumpingandearlynecroticchanges.Lymphnodesshow
nucleardebriswithinhoursofirradiation.Thenumberofcellsinthebloodformingorgansisnotrelatedto
radiationdose,butfurthercellreproductionseemstobeinhibited.Survivinglymphocytesmayhaveeither
an increased cellularmetabolism or altered behavior.  The greater the radiation exposure, themore
profoundthelymphopenia.Theleukopeniawillbeginwithinhoursandproceedtoitsnadirwithin48to72
hours. The fall incirculating lymphocytescanbeutilizedasacrudebiodosimetry tool toestimate the
effectiveradiationdosereceived.Thesteeperthefallincirculatinglymphocytes,thehigherthedoseand
themoreseveretheinjury(seeparagraph3-10).

(c) Leukopoiesis.Thefunctionofthemyelopoieticcellrenewalsystemismainlyto
producematuregranulocytes(neutrophils,eosinophils,andbasophils)forthecirculatingblood.Themost
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importanttypeinthiscelllinearetheneutrophilsbecauseoftheirroleincombatinginfection. Thestem
cells and those developing cells within the dividing and differentiating compartment are themost
radiosensitive.Three tosevendaysarenormallyrequiredfor thematurecirculatingneutrophil toform
fromitsstemcellprecursorstageinthebonemarrow.Maturefunctionalgranulocytesareavailableupon
demand from venous, splenic, and bonemarrow pools.  Following an initial increase in circulating
granulocytes(ofunknownetiology),thesepoolsarenormallydepletedbeforegranulocytopeniaisevident
soonafterradiation-inducedbonemarrow injury. Becauseof therapid turnover in thegranulocytecell
renewal system (approximately 8-day cellular life cycle), evidence of radiation damage tomarrow
myelopoiesisoccursintheperipheralbloodwithin2to4daysafterwhole-bodyirradiation.Recoveryof
myelopoiesis lags slightly behind erythropoiesis and is accompanied by rapid increases in numbers of
differentiating and dividing forms in themarrow.  Prompt recovery is occasionallymanifested and is
indicatedbyincreasednumbersofbandcellsintheperipheralblood.

(d) Thrombopoiesis. The thrombopoieticcell renewal system is responsible for the
productionofplatelets (thrombocytes). Plateletsareproducedbymegakaryocytes in thebonemarrow.
Bothplateletsandmaturemegakaryocytesarerelativelyradioresistant,howeverthestemcellsandimmature
stagesareveryradiosensitive.Thetransittimethroughthemegakaryocyteproliferatingcompartmentin
manrangesfrom4to10days.Plateletshavealifespanof8to9days.Thetimeofbeginningplatelet
depression is influenced by the normal turnover kinetics of cells within thematuring and functional
compartments.Thrombocytopeniaisreachedin3to4weeksafterdosesof200ñ600cGy,andoccursfrom
thekillingof stem cells and immaturemegakaryocyte stageswith subsequentmaturationaldepletionof
functionalmegakaryocytes.Regenerationofthrombocytopoiesisaftersublethalirradiationnormallylags
behindbotherythropoiesisandmyelopoiesis.Supranormalplateletnumbersovershootingthepreirradiation
level have occurred during the intense regenerative phase in human nuclear accident victims.  Blood
coagulation defects with concomitant hemorrhage constitute important clinical sequelae during the
thrombocytopenicphaseofbonemarrowandGIsyndromes.

(2) Gastrointestinalsyndrome.

(a) ThegammaradiationdosesthatwillresultintheGIsyndromearehigherthanthose
thatwillcausethehematopoieticsyndromealone.Anacutedosethatwillcausethissyndromewillbeat
least800cGy.SomefacetsoftheGIsyndromemaymanifestatdosesof600cGydependingonabdominal
doseandindividualsensitivity.Conversely,exposurestohighdosesatlowdoseratesorasfractionated
exposures(multipleindividualexposurestotalinga specificdose)maynotcauseit.Regardlessofthedose
involved,theGIsyndromehasaveryseriousprognosis,becauseitwillalmostalwaysbeaccompaniedby
bonemarrowsuppression.

(b) TheeffectsofradiationontheGItractandtheassociatedsymptomatologycan be
categorized into fourmajorphases thatcorrespond to theelapsed time fromexposure tomanifestation.
Thesephasesareó

ï TheProdromalPhase,inwhichnausea,vomiting,anddiarrheaoccurminutes
tohoursafterexposure.

ï TheLatentPhase,whichlastsafewdaystoaweek.
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ï TheManifest Phase, in which the patient experiences severe fluid loss,
hemorrhage,anddiarrhea.Thepathologicbasisforthissyndromeisanearlyphysiologicderangementof
theepithelialcells followedbyacombinationofsevere lossof intestinalmucosaand injury to the fine
vasculatureofthesubmucosa.

ï TheChronicPhase,inwhichsurvivorsmaydevelopfibrosis,bleeding,and
fistulasmonthstoyearsafterexposure.

(3) Cardiovascular/centralnervoussystemsyndrome.Thissyndromeisassociatedonlywith
veryhighacutedosesofradiation.Thelowerlimitisprobably2000cGy,althoughhypotension(significant
declineinsystemicbloodpressure)maybeseenatevenlowerdoses.Becauseoftheveryhighdosesof
radiationrequiredtocausethissyndrome,personnelcloseenoughtoanucleardetonationtoreceivesuch
highdoseswouldgenerallybelocatedwellwithintherangeof100percentlethalityduetoblastandthermal
effects(seeparagraph3-7).

(a) Acuteradiationdosesof3000cGyandaboveuniformlybringdeathwithin72hours
andusuallybetween24 to48hours,wellbefore the insult to theGIorbonemarrowsystemsbecomes
clinicallyapparent.Dosesinthisrangecausesignificantdirecteffectsaswellasthefreeradicaloverload
ofthecellsandbasementmembranesofthemicrocirculationsystem.Thisleadstomassivelossofserum
and electrolytes through leakage into the extravascular space, circulatory collapse, edema, increased
intracranialpressure,andcerebralanoxiaamongotherdamage.

(b) In less thananhourandpossiblywithinminutesofexposure,patientsreceiving
thesedosesbeginexperiencingprodromalsymptoms:aburningsensationoftheskinwithinminutesand
severenauseaandusuallyprojectilevomitingwithinanhour.Thesymptoms,whicharesevereandmaylast
more than24 hours,also includediarrhea that isoccasionallybloody,cutaneousedemaanderythema,
hypotension,hyperpyrexia,disorientation,prostration,lossofcoordination,andpossiblyseizures.Following
theprodromalphase,theremaybeabrieflatentphaseofapparentclinicalimprovement;butthiswilllast
onlyintherangeofhourstodays.Finally,thevictimwillsuccumbtoacomplexofgrossCNSdysfunction
andtotalcardiovascular(CV)collapse,leadingtoarelativelypromptandinevitabledeath.

3-7. Radiation-InducedEarlyTransientIncapacitation

EarlyTransientIncapacitation(ETI)isatemporaryinabilitytoperformphysicallyorcognitivelydemanding
tasks,andisassociatedwithveryhighacutedosesofradiation(lowerlimitisapproximately2000cGy).The
latentperiodisveryshort,varyingfromseveralhoursto1to3days.Hypotension,emesis,and/ordiarrhea
mayaccompanyaprogressivedeterioratingstateofconsciousnessasaresultofvascularinstability.Death
typicallyoccurswithinafewdays.Convulsionswithoutincreasedintracranialpressuremayormaynotoccur.

a. The frequencyof incapacitationproducedby agiven radiationdose isproportional to the
demandsorthelevelofstressofthetaskbeingperformed.Currentcombatcasualtycriteriaarebasedon
theincapacitatingdoselevelsforbothphysicallydemandingtasksandundemandingtasks.Theydonot
includecombatineffectivenessduetopartiallydegraded performancethatmayresultfromslowerreaction
to the task, taskstress,orprodromaleffectsofacuteradiationsickness. Exposure todosesof ionizing
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radiationofapproximately2000cGyresults inan immediateprecipitousdecline incerebralblood flow
(CBF),which is followedby apartial recovery at20 to30minutes, and subsequent slower secondary
decreaseinCBF,thereafter,accompaniedbyparallelchangesinsystemicbloodpressure.Theactivityof
certainbrainenzymesinvolvedinneurotransmittermetabolismis alsoconsiderablyaffectedduringETI.

b. Foryieldsof5KTorless,initialnuclearradiationwillbethedominantcasualtyproduceron
thebattlefield.Militarypersonnelcloseenoughtogroundzerowhoreceiveanacuteincapacitationdoseof
2000cGywouldmorelikelydieduetoblastandthermaleffects.However,innucleardetonationsabovethe
atmospherewithessentiallynoblast,veryhighfluxesofionizingradiationmayextendoutfarenoughto
result in high radiation doses to aircraft crews.  Such personnel could conceivablymanifest ETI,
uncomplicatedbyblastor thermal injury. Also,personnelprotected fromblast and thermal effects in
shieldedareascouldalsosustaindosesthatmightmanifestasETI.Dosesinthisrangecouldalsoresult
frommilitaryoperationsinareactorfacilityorafuelprocessingplantwherepersonnelareaccidentallyor
deliberatelyinjuredbyanuclearcriticalityevent.PersonnelsufferingfromETIwillbecomeperformance
degradedalmostimmediatelyandcombatineffectivewithinseveralhours.However,theywillnotdieuntil
5to6daysafterexposureunlesstheyreceivedotherinjuriesthatwouldmakethemmoresusceptibleto
deathfromtheradiationdose.

Section III. DIAGNOSIS, SEVERITY, AND TRIAGE
OF RADIATION CASUALTIES

3-8. ClinicalFindings

Aprecisehistoryofexposuremaybeverydifficulttoobtain,sincemanyindividualsmaynotknowthatthey
actuallyhavebeenexposedtoradiation,particularlyiftheexposureisduetofallout,orduetoexposuretoa
low-levelradiationsource.Oneofthesourcesofinformationavailabletothemedicalstaffisthemedical
militaryphysicist(thatis,theArmy72A,AirForce43EX,43YX,orNavy0847officers).Also,unitNBC
personnelandchemicaldefenseunitpersonnelcanprovideunitoperationalhistoryinformationandperhaps
collectiveunitexposuredata.However,anaccurateandpromptdiagnosisofradiationsicknessisbased
primarilyupon theclinicalpicturepresentedby thepatient. Thekeysignsandsymptomsofradiation
sicknessthatwouldmakeonesuspiciousthatradiationexposurehasoccurredaredescribedbelow.Someof
these signsand symptoms,alongwith the informationprovided inTable3-3,canhelp theclinician to
estimatetheapproximateseverityofthepotentialexposure.

a. NauseaandVomiting.Nauseaandvomitingoccurwithincreasingfrequencyastheradiation
doseexceeds100to200cGy.Theironsetmaybeseenaslongas6to12hourspostexposureandusually
subsideswithinthefirstdayfortheselowerdoses.Theoccurrenceofvomitingwithinthefirsttwohoursis
usuallyassociatedwithasevereradiationdose.Vomitingwithinthefirsthour,especiallyifaccompaniedby
explosivediarrhea,isassociatedwithdosesthatfrequentlyprovefatal.Duetothetransientnatureofthese
symptoms, itispossiblethatthepatientwillhavealreadypassedthroughtheinitialphaseofGIdistress
before being seen by a physician.  Itwill be necessary to inquire about these symptoms at the initial
examination.
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NOTE

Theuseofantiemetics,suchasgranisetron,hasbeenapprovedbythe
FDAforprophylacticuseforhigh-doseradiationexposure.Medical
personnel may encounter patients whose nausea and vomiting
symptomshavebeenreducedormitigatedbyuseofthisdrug.

b. Hyperthermia. Casualtieswho have received a potentially lethal radiation injury show a
significantriseinbodytemperaturewithinthefirstfewhourspostexposure.Althoughthenumberofcases
isfewandisfrequentlyoverlooked,thisconditionappearstobeaconsistentfinding.Theoccurrenceof
feverandchillswithinthefirstdaypostexposureisassociatedwithaseverelife-threateningradiationdose.
Hyperthermiamayoccurinpatientswhoreceivelower,butstillseriousradiationdoses(200cGyormore).

c. Erythema. Apersonwhohasreceivedawholebodydoseofmorethan1000cGywilldevelop
erythemawithinthefirstdaypostexposure.Erythemaislessfrequentlyseenwithlowerdoses(200cGyormore).

d. Hypotension.Anoticeableandsometimesclinicallysignificantdeclineinsystemicbloodpressure
hasbeenrecordedinvictimswhohavereceivedasupralethalwholebodyradiationdose.Aseverehypotensive
episodewasrecordedinonepersonwhohadreceivedseveralthousandcGy.Inpersonswhoreceivedseveral
hundredcGy,adropinsystemicbloodpressureofmorethan10percenthasbeennoted.Severehypotension
afterirradiationisassociatedwithlethalinjury.However,iftheradiationdosehasbeendeterminedtobe
lessthan1000cGy,thenaphysicalinjuryshouldbesuspectedasbeingresponsibleforthehypotension.

e. NeurologicDysfunction.Experienceindicatesthatalmostallpersonswhodemonstrateobvious
signsofdamagetotheCNSwithinthefirsthourpostexposurehavereceivedasupralethaldose.Symptoms
includementalconfusion,convulsions,andcoma.Intractablehypotensionwillprobablyaccompanythese
symptoms.Withoutaggressivemedicalsupport,thesepatientssuccumbwithin48hours.

Table3-3.Dose,Onset,andDurationofSymptoms

DOSE (cGy) SYMPTOMS ONSET DURATION

0ñ35 None N/A N/A

35ñ75 MildNausea,Headache 6 Hours 12Hours

75ñ125 Nausea/Vomiting (30%) 3ñ5Hours 24Hours

125ñ300 Nausea/Vomiting (70%) 2ñ3 Hours 3ñ4 Days

300ñ530
Nausea/Vomiting (90%) 2Hours 3ñ4Days

Diarrhea (10%) 2ñ6 Hours 2ñ3 Weeks

530ñ830
SevereNausea/Vomiting (90%) 1Hour DirectTransitinto

Diarrhea (10%) 1ñ8Hours GISyndrome

830ñ3000
SevereNausea/Vomiting (90%) 3ñ10Min PersistsUntilDeath

Disorientation (100%) 3ñ10Min 30Minñ10Hours
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3-9. Dosimetry

Dosimetry,atthepresenttime,isusefulinthatitcanhelpdeterminethatanexposurehasoccurred,butit
willnotgiveanentirelyadequatepicturethatcanbeusedtodetermineeithertheextentofradiationinjuryor
theprognosis.Dosimeterscannottellwhetheraradiationexposureiswholebodyorpartialbody,and,they
donotdisplaythedoserateoftheexposure.Generally,theymaynotdifferentiatebetweensingleexposures
andmultipleexposuresunlesstheyarereadatregularintervals.However,inamasscasualtysituationinan
operational theaterwhere time is critical, decisions based only on dosimetric datamay be all that is
practical.

3-10. LaboratoryTesting

a. Themostusefulforwardlaboratoryproceduretoevaluatemarrowdepressionistheperipheral
bloodcount.Theresultantlymphocytelevelsmaybeusedasabiologicdosimetertohelpmakethediagnosis
anddeterminetheseverityofradiationinjuryonly(seeFigure3-4).Intheeventofcombinedinjuries,theuse
oflymphocytesmaybeunreliablebecausepatientswhohavereceivedsevereburnsormultisystemtrauma
oftendeveloplymphopenia.Therateanddegreeofdecreaseinbloodcellsaredosedependent.Aninitial
baselinesampleshouldbeobtainedasearlyaspossibleafterirradiation.Bloodsamplesshouldbetakenat
leastdailyduringthefirst2weeks.Morefrequentsamplingwillincreasethereliabilityofdoseestimates.
Ausefulruleofthumb:iflymphocyteshavedecreasedby50percentandarelessthan1.0x109/lwithin
24ñ48hours,thepatienthasreceivedatleastamoderatedoseofradiation.However,allpersonnelwith
lymphocytelevelsoflessthan2000/mm3at24hourspostirradiationarecandidatesfortreatment.

Figure3-4.Lymphocytenomogram.
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b. Othermedicalassayscanbeusedtodeterminetheseverityofexposure.Table3-4(adapted
fromAMedP-6(C),NATOHandbook onMedicalAspects ofNBCOperations,RatificationDraft) lists
clinicallaboratorytestandthetreatmentlevelwheretheyshouldbeperformed.

Table3-4.MedicalAssayoftheRadiologicalPatient

LOCATION/FACILITY

TEST
DECONTAMINATION MEDICAL TREATMENT HOSPITAL TERTIARY CARE

POINT UNIT (LEVEL 2) (LEVEL 3) (LEVEL 4)

Nasal swabs for +

inhalationof

contaminants

Externalcontamination + +

Urineandstoolsamplefor Baselinesample 24hoursample +

internalcontamination

CompleteBloodCount Ifpractical Baselinesample Daily for2weeks Daily for2weeks

(CBC)/platelets andthendaily

Absolute Lymphocyte Every4ñ12hours Every4ñ12hours

Count for 3 days

HumanLeukocyteAntigen Draw sample Draw sample before Draw sample before

(HLA) subtyping  lymphocytecount falls lymphocyte count falls

Cytomegalovirus(CMV) + +

Hemoglobin Agglutinin + +

HumanSyncytialCell +

Virus Antibodies

HumanImmunovirus + +

Vesiculovirus +

Lymphocyte Cytogenetics Draw sample Draw sample before +

lymphocyte count falls

+Indicatestestshouldbeperformedatthis location/levelofcare.

3-11. TriageofNuclearandRadiologicalCasualties

Casualtydiagnosisandtriagearelinkedinthatdiagnosisisanindividualcasualtydetermination,whiletriage
takes that individual casualty information and applies it to amedicalunitoperationalpriority. This is
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especiallythecaseinamasscasualtysituationintimesofnuclearwarorduringconsequencemanagement
ofacatastrophicnuclearincident.Amasscasualtysituationisonewherethenumberofpatientsrequiring
careexceedsthecapabilitiesoftreatmentpersonnelandfacilities.Forexample,thedetonationofthehigh
explosive(HE)componentofanuclearweapon(suchasatPalomares,Spain)inadenselypopulatedarea
canresultin50patientsrequiringimmediatecare,yettheclosesttreatmentfacilitycanonlyprovidefor10
patients.Thus,correcttriageandevacuationproceduresareessential.

a. Triageclassificationsfornuclearpatientsdifferfromconventionallyinjuredpatients.Because
survivableradiationinjuryisnotmanifesteduntildaystoweeksafterexposure, triageisbasedprimarilyon
thepresentationofconventionalinjuriesandisthenmodifiedbyradiationinjurylevel.Thatis,triageand
care of any life-threatening injuries should be renderedwithout regard for the probability of radiation
exposureorcontamination.Thephysicianshouldmakeapreliminarydiagnosisofradiationinjuryonlyfor
thosepatientswhodisplaytheappropriateradiationexposuresymptoms,suchasnausea,vomiting,diarrhea,
hyperthermia,andsoforth.TheDIMEmethodoftriagecodesisusedforpatientclassification.Thatis,
D=Delayed,I=Immediate,M=Minimal,andE=Expectant.Nuclearpatienttriageclassifications
areasfollows:

(1) Delayedtreatmentgroup(D).Thoseneedingsurgery,butwhoseconditionspermitdelay
withoutundulyendangeringsafety.Life-sustainingtreatmentsuchasintravenousfluids,antibiotics,splinting,
catheterization,andreliefofpainmayberequired in thisgroup. Examplesare fractured limbs,spinal
injuries,anduncomplicatedburns,andallcasualtieswithonlyradiationinjurywhodonotexhibitgross
neurologicalsymptoms.Inthefaceoftraumacombinedwithradiationinjury,allsurgicalproceduresmust
becompletedwithin36ñ48hoursofradiationexposure,ordelayeduntilatleasttwomonthsaftertheinjury.
Consequently,combinedinjurypatientsbecomethehighestpriorityimmediatelyafterthoserequiring lifeor
limb-savingsurgery.

(2) Immediate treatment group (I).  Those requiring immediate lifesaving surgery.
Proceduresshouldnotbetime-consumingandshouldconcernonlythosewithahighchanceofsurvival,such
asrespiratoryobstructionandaccessiblehemorrhage.Pureradiationinjuryisnotacutelylife-threatening
unless the irradiation ismassive.  Ifamassivedosehasbeen received, then thepatient isclassifiedas
expectant(E).

(3) Minimaltreatmentgroup(M).Thosewithrelativelyminorinjurieswhocanbehelpedby
untrainedpersonnel,orwhocanlookafterthemselves,suchthosewhohaveminorfracturesorlacerations.
Buddycare isparticularly important in this situation. Patientswith radiological injury shouldhaveall
woundsandlacerationscleanedmeticulously andthenclosed.

(4) Expectanttreatmentgroup(E).Thosewithseriousormultipleinjuriesrequiringintensive
treatment, orwith a poor chance of survival. These patients receive appropriate supportive treatment
compatiblewithresources,whichwillincludelargedosesofanalgesicsasapplicable.Examplesaresevere
headandspinal injuries,widespreadburns,orneurologicalsymptoms frommassivedosesofradiation.
Thesecasualtiesmayberemovedfromthiscategoryasadditionalmedicalassetsbecomeavailable.

b. Table3-5provides radiationdosage,degradationof treatment,and treatmentpriorities for
radiationandcombinedinjuries.
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Table3-5.RadiationDosageandTreatmentPriority

SERIAL STARTING PRIORITY FINAL PRIORITY

LESS THAN 150 CGY GREATER THAN 150 CGY GROSS NEUROLOGICAL SYMPTOMS

Radiation Only DUTY, D, or M * D ** E

I I I E

D I I E

M D ** D E

E E E E

* Placement inoneof thecategories isdependentuponcommandguidance, the tacticalsituation,andavailabilityof replacements.

Select DUTY if mission completion is mandatory regardless of casualty rate. Select M if less than 50 cGy and combat operations

are ongoing. Select D if combat personnel resources are adequate.

** Includes the probable requirements for antibiotics and transfusion at a later time. This classification does not suggest that the

patient is not in need of treatment, but rather that he does not need immediate specialized care. Marrow resuscitative therapy

shouldbeginassoonaspractical.

Section IV.  TREATMENT OF RADIATION SUBSYNDROMES

3-12. FirstAid

Thereisnodirectfirstaidforradiologicalcasualties.Thefirstactionindealingwiththesecasualtiesisto
administerfirstaidforanyconventionalinjuries,suchascombatwounds,blastinjuries,andthermalburns
inaccordancewiththeproceduresinFM21-11,FirstAidforSoldiers.

3-13. ManagementoftheHematopoieticSyndrome

Theprimarygoalof treating thehematopoieticpatient isa reduction inboth thedepthanddurationof
leukopenia.Thetherapeuticmodalitiesfortreatmentwillvaryaccordingtothemedicalfacility,thecurrent
medicalknowledgeandexperienceoftheproviders,thenumberofcasualties,andtheavailableresourcesto
treatthepatients.Inthepatientwithsignsandsymptomsconsistentwithhematopoieticsyndrome,changes
within theperipheralbloodprofile canoccur as early as24hours after irradiation. Therefore,blood
specimens shouldbedrawn forbiodosimetryanalysis. The tendency towarduncontrolledhemorrhage,
decreasedresistancetoinfection,andanemiawillvaryconsiderablyfromasearlyas10daystoasmuchas
6to8weeksafterexposure.However,areasonableaveragetimefortheonsetofbleedingandanemiaand
decreasedresistancetoinfectionis2to3weekspostexposure.

a. ConventionalTherapy ofNeutropenia and Infection. The prevention andmanagement of
infectionisthemainstayoftherapy.Thereis adirectrelationshipbetweenthedegreeofneutropeniaandthe
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increasedriskofinfectiouscomplications.Antibioticprophylaxisshouldbeconsideredinafebrilepatients
atthehighestriskforinfection.Thesepatientshaveprofoundneutropenia(<1.0x109cells/lor1000cells/
ml)withanexpecteddurationofgreaterthan7days.Althoughthedegreeofneutropeniaisthegreatestrisk
factorfordevelopinginfection,otherfactorsalsoinfluencethechoicetostarttreatmentandthemedications
thataretobeusedtotreatthepatient.Suchfactorsincludedurationofneutropenia,bactericidalfunctionality
ofsurvivingneutrophils,alterationofphysicaldefensebarriers,thepatientísendogenousmicroflora,and
organismsendemictothehospitalandcommunity.Asthedurationofneutropeniaincreases,theriskof
secondaryinfectionssuchasinvasivemycosesalsoincreases.Someoftherecommendedmedications(see
Appendix B) for prophylaxis areCiprofloxacin as an antibiotic,Acyclovir as an antiviral agent, and
Fluconazole(Diflucan)asanantifungalagent.

b. PreventionofInfection.Initialcareofmedicalcasualtieswithmoderateandsevereradiation
exposureshouldprobablyincludeearlyinstitutionofmeasurestoreducepathogenacquisition,withemphasis
onlowmicrobialcontentfood,acceptablewatersupplies,frequenthandwashing(orwearingofgloves),and
air filtration. During the neutropenic period, prophylactic use of selective gut decontaminationwith
antibioticsthatsuppressaerobesbutpreserveanaerobeshasbeenused,butisdependentupontheclinical
setting,providerpreference,andtheresourcesavailable.Thesemeasurescanhelpcontrolthealimentary
canalsource(mouth,esophagus,and intestines)ofpostinjury infections. Maintenanceofgastricacidity
(avoidanceofantacidsandH2 blockers)maypreventbacteria fromcolonizingand invading thegastric
mucosaandmayreducethefrequencyofnosocomialpneumoniaduetoaspirationoftheseorganisms.The
useofSucralfateorProstaglandinanaloguesmaypreventgastrichemorrhagewithoutdecreasinggastric
activity.Whenpossible,anearlyoralfeedingispreferredtointravenousfeedinginordertomaintainthe
immunologicandphysiologicintegrityofthegut.Surgicalimplantationofasubcutaneouslytunneledcentral
venouscathetercanbeconsideredtoallowfrequentvenousaccess,butmeticulousattentiontopropercare
isnecessarytoreducecatheterassociatedinfections.

c. ManagementofInfection.

(1) Themanagementofestablishedorsuspectedinfection(neutropeniaandfever)inirradiated
personsissimilartothatusedforotherfebrileneutropenicpatients,suchassolidtumorpatientsreceiving
chemotherapy. First, an empirical regimen of antibiotics should be selected, based on the pattern of
bacterialsusceptibilityandnosocomialinfectionsintheparticularinstitutionandthedegreeofneutropenia.
Broadspectrumempirictherapywithhighdosesofoneormoreantibioticsshouldbeinitiatedattheonsetof
fever.Aminoglycosidesshouldbeusedcautiouslyduetoassociatedtoxicities.Therapyshouldbecontinued
untilthepatientisafebrilefor24hoursandtheabsoluteneutrophilcount(ANC)isgreaterthanorequalto
0.5x109cells/l(500cells/µl).Combinationregimensoftenprovetobemoreeffectivethanmonotherapy.
Thepotentialforadditivityorsynergyshouldbepresentinthechoiceofantibiotics(seeAppendixB).

(2) Modificationsofthisinitialantibioticregimenshouldincludeathoroughevaluationof
thehistory,physicalfindings,laboratorydata(includingappropriateculturesandachestradiograph),and
epidemiologicalinformation.AntifungalcoveragewithAmphotericinBshouldbeadded,ifindicated,for
patientswho remainpersistently febrile for7daysormoreon antibiotic therapy in associationwith
clinicalevidenceofinfection,oriftheyhavenewfeveronorafterdaysevenoftreatmentwithantibiotics.
If there isevidenceof resistantgram-positive infection,Vancomycinshouldbeadded.  Ifdiarrhea is
present,stoolculturesshouldbeexamined forSalmonella,Shigella,Campylobacter,andYersinia.If
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oral/pharyngealmucositisand/oresophagitisarepresent, thenempiricuseofantiviraland/orantifungal
therapyshouldbeconsidered.

(3) Surveillance culturesmay be useful formonitoring acquisition of resistant bacteria
duringprophylaxisandemergenceoffungi.Aonceortwiceweeklysamplingofsurveillanceculturesfrom
naturalorificesandskinfolds(for example,axillae,groin)wouldbereasonable,butshouldbemodified
basedontheinstitutionalpatternsofnosocomialinfections.Achestradiographshouldbeconsideredat
initiationofempirictherapy.Thismayaidindefinitivediagnosisofanewpulmonaryinfiltrateobtained
duringthecourseofneutropenia.Theprinciplesdescribedabovearegenerallyapplicabletothefebrile
neutropenicpatientandprovideafoundationuponwhichaspecificinitialregimenmaybeselected.These
principlesaresummarizedasfollows:

ï Principle1:Thespectrumofinfectingorganismsandantimicrobialsusceptibility
patternsvarybothamonginstitutionsandovertime.

ï Principle 2:  Life-threatening, gram-negative bacterial infections are universal
amongneutropenicpatients,buttheprevalenceoflife-threatening,gram-positivebacterialinfectionsvaries
greatlyamonginstitutions.

ï Principle3:Currentempiricantimicrobialregimensarehighlyeffectiveforinitial
managementoffebrile,neutropenicepisodes.

ï Principle4:Searchforthenidusofinfection,thatis,lookforthereasonthepatient
isinfected,andeliminateit.

Overallrecommendationsformanaginginfectionsaresummarizedasfollows:

ï Astandardizedplanformanagementoffebrile,neutropenicpatientsmustbedevised.

ï Empiric regimensmust contain antibiotics broadly active against gram-negative
bacteria,butantibioticsdirectedagainstgram-positivebacterianeedbeincludedonlyininstitutionswhere
theseinfectionsareprevalent.

ï No single antimicrobial regimen can be recommended above all others, as
pathogensandsusceptibilityvarywithtime.

ï Ifinfectionisdocumentedbycultures,theempiricregimenmayrequireadjustment
toprovideappropriatecoveragefortheisolate.Thisshouldnotnarrowtheantibioticspectrumwhilethe
patientisneutropenic.

d. ImmuneGlobulinAdministration.Immuneglobulinshavenotbeenshowntobebeneficialfor
radiation casualties on a general basis. However theymay be beneficial in bolstering the diminished
immunoglobulin(Ig)bloodplasmalevelsthatarecriticalincombatingavarietyofinfectiousagentsorin
selectivelycontrolling thepathogenicresponsesrelated tosepticshockandassociatedoverexpressionof
inflammatorycytokines.
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e. Hematopoietic Growth Factors (Cytokines).  Hematopoietic growth factors, such as
granulocyte-colonystimulatingfactor(G-CSF)(filgrastim[NeupogenÆ])andgranulocytemacrophage-CSF
(GM-CSF) (sargramostim [LeukineÆ]), arepotent stimulatorsofhematopoiesis and shorten the timeof
recoveryofneutrophils.Theriskofinfectionandsubsequentcomplicationsaredirectlyrelatedtodepthand
durationofneutropenia.Insevereradiation-inducedmyelosuppression,whereclinicalsupportintheform
ofantibioticsandfresh,irradiatedplateletsorwholebloodisusedconcurrentlywithG-CSForGM-CSF,a
marked reduction in infectiouscomplications translates to reducedmorbidityandmortality. Currently,
G-CSFisthepreferredcytokinebecauseofitsrelativelylowcost,greaterefficacy,andfewersideeffects.
Anadditionalbenefitofthecytokinesistheirabilitytoincreasethefunctionalcapacityoftheneutrophiland
therebycontributetothepreventionofinfectionasanactivepartofcellularhostdefense.

f. ThrombocytopeniaandAnemia.

(1) Conventionaltherapyofthrombocytopenia.Therequirementforplateletsupportdepends
onthepatientíscondition.Inirradiatedpatientswithorwithoutothermajormedicalproblems(infection,GI
problems,ortrauma),theplateletsshouldbemaintainedatgreaterthan20x109/l. Analysis of platelet
counts versus hemorrhage suggests that 10 x 109/l is adequate in the absence of any indication of
accompanying frank hemorrhage. If surgery is needed, the platelet count should be greater than 50 x 109/l.
Transfusion of platelets remains the primary therapy to maintain adequate platelet counts. As general
supportivemeasures,oneshouldavoidtheuseofaspirinandnonsteroidal,anti-inflammatorydrugs.Limited
plateletsupportislikelytocomefromrandomdonors.Shouldrefractorinessdevelop,familymembersas
wellasHLA-compatibledonorsfromthegeneralpopulationcanbeconsideredasplateletdonors.Theuse
of platelet products from which white blood cells have been removed is desirable tominimize both
allosensitizationandtheriskoftransmissionofviralillnesses,suchascytomegalovirus.Allbloodproducts
shouldreceive2000cGyofradiationandshouldbefilteredbefore infusion topreventgraft-versus-host
diseasethroughinfusionofmononuclearcellspresentintheproducts.Ifanallotransplantiscontemplated,
theuseofplateletsfromrelateddonorsshouldbeavoided.

(2) Growth factor/cytokine therapy for thrombocytopenia. Useof thrombopoietic agents
afterradiationinjuryisofquestionableefficacy.Currently,thereisnoprovenbenefitinthebonemarrow
transplantmodel.Furtherdrugdevelopmentmayaltertheacceptedpatternofcare.

(3) Conventionaltherapyofanemia.Transfusionofpackedredbloodcells(PRBCs)remains
theprimarytherapytomaintainhemoglobinabove8gm/dl.Packedredbloodcelltransfusionsshouldbe
irradiated,leukocyte-filtered(wheneverpossible),andfromanunrelateddonorifallogeneictransplantation
is a consideration. Risks ofPRBC transfusionmay includeCMV transmission and alloimmunization.
Gammairradiationofbloodproductswith2000cGywilldiminishgraftversushostreactionscommonin
radiation casualties.

(4) Erythropoietintherapyofanemia.Useoferythropoietin(Epo)afterradiationinjuryisnot
recommendedeventhoughitislikelytobesafe.EndogenousEpolevelsareoftenalreadyelevatedafter
highlycytotoxictherapyandevidenceofbenefitisnotyetavailablefromclinicalchemotherapymodels.
Anemiaisnotgenerallylife-threateninginthissituation.

g. BoneMarrow/StemCellTransplantation.Stemcelltransplantationusuallyhasalimitedrolein
themanagementofradiationcasualtiesandcanonlybeappliedatselectLevel5,fixedContinentalUnited
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States(CONUS)facilities.Ifpossible,HLAtypingshouldbedoneearly.Also,thedecisiontopursuea
transplantmust occurwithin twoweeks of initial acute exposure to the patient. Candidates for such
transplantsgenerallyhavehadwholebodydosesinthe700to1000cGyrange,andonlyafractionofthese
patientswouldpassscreeningtestsbeforeactuallyreceivingatissuetransplant.

3-14. ManagementoftheGastrointestinalSyndrome

a. Duringthemanifestphase,fluidsandelectrolytesshouldbeadministeredtopreventorcorrect
dehydration.Ifbloodtransfusionsareadministered,thebloodshouldbeirradiatedtodiminishgraftversus
hostreactions. Diarrheaassociatedwith theprodromalandsubacutephasesofGI injury ismost likely
relatedtoneurohumoralfactorsaffectingGImotility andtransport.Lossoftheepithelialcellliningisnot
observeduntil laterduring themanifestphaseofGI injury. As a result, treatment forpostirradiation
diarrhea will require several different approaches.  For the early prodromal and subacute phases of
diarrhea,agentsdirectedagainst,orcounteractingtheeffectsofneurohumoralfactorsonGIcellsshouldbe
considered.  These include antidiarrheal/antisecretory agents such as anticholinergics,Metamucil,
Amphojel,andLoperamide.Loperamidemayofferdistinctadvantagesasthedrugaffectsbothintestinal
celltransportandmotility,eachofwhichmaycontributetodiarrhea.Antisecretoryagents,however,will
beoflimitedeffectivenessagainsttheacutephaseofGIinjury,duringwhichthelossofepithelialcelllining
hasprogressedtodenudationoftheintestine(SeeAppendixB).

b. Sufficientdataconcerningtheefficacyofcytokinesongut-relatedgrowthfactorsandelemental
diets in stimulatingGI regeneration are not yet available.  Therefore, specific therapies to stimulate
proliferationand/ortomaintaintheintestinalcellliningfollowingradiationexposurecannotberecommended.

c. The use of antibiotics should be considered for specific infections.  Prophylactic use of
selective gut decontaminationwith antibiotics that suppress aerobes but preserve ordinarily commensal
anaerobeshasbeenusedbutisdependentupontheclinicalsetting,providerpreference,andtheresources
available.  In the future, thecapability tomaintain intestinal integrity followingradiationexposuremay
reduceanyemphasisongutdecontamination.

d. Thebactericidaleffectofgastricacidonintestinalfloraiswellknown.However,gastricacid
alsostimulatespancreaticandbiliarysecretions,bothofwhichhaveadverseeffectsonpostirradiationGI
integrity.ReductionofgastricaciditymaybebeneficialintheGIsyndrome.Thus,theneedtomaintaingut
integritymaypreempt thedesire tostimulatenormalbactericidalmechanismsby increasinggastricacid
secretion.

e. Atthepresenttime,itisbelievedthatentericfeedingmaybethebestalternativeevenforthose
patientswith radiological entericmucosaldamage. Thedirect stimulationbynutrientdrips appears to
stimulatemucosalcryptformation.Thisregenerationofthedamagedmucosalbarriersinhibitsbacterial
movementfromthelumenintotheinterstitialspaces.Thereisverylimitedresearchintothistreatment
regimen in the irradiated casualty,however, innonirradiated traumapatients, totalparenteralnutrition
(TPN)isinferiortodirectentericfeedings.Thesedatahavenotbeenreplicatedintraumacombinedwith
radiationinjury.
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3-15. ManagementoftheCardiovascular/CentralNervousSystemSyndrome

Asmentionedearlier,thissyndromeisassociatedwithveryhighacutedosesofradiation,probablywithin
the2000 to4000cGyrange. Shockaccompanies thesehighdoses,due toamassive lossof fluid into
extravasculartissuesthroughleakyvascularbeds.Theensuingproblems fromedema,increasedintracranial
pressure,andcerebralanoxiacanbringdeathinapproximately2days.Radiationdosesinthisrangeare
uniformly fatalregardlessof therapiesattempted. Therefore,aggressivemedicalsupportwithpressors,
fluids,steroids,andthelikewillbringonlytemporaryimprovementandmayonlyservetoprolongsuffering.
Thus,therapyshouldincludeonlypalliativemeasuressuchasopiatesortranquilizers.

3-16. Recovery

Repopulationoccursbystemcellproliferationandisaparticularlyimportantrecoverymechanismforboth
thebonemarrowandtheGItractwhenevertheradiationexposurehasbeenlargeenoughtoreducecell
numbers.  Stem cells divide normally in both these tissues, because stem cell turnover is required to
compensateforthenormalcontinuousremovalofdifferentiatedcells.Stemcelldivisionwillbeaccelerated
bylargedosesofradiation,justasanyothersevereinsultwoulddo.Theeffectsofsmalldosesarenot
recognizedsoonenoughforacceleratedproliferation to takeplace. Inbonemarrow, largemacrophage
cellsproducefactorsandcytokinesthateitherstimulateorshutdownthestemcellsthataretheprogenitors
oftheerythropoietic,granulopoietic,orthrombopoieticseriesofbloodcells.Theìfactorproducingîcells
influenceoneanotheranddepresstheproductionofonefactorwhiletheoppositeisbeingproduced.Stem
cellresponsescontinueuntilthefactorischanged.

3-17. SummaryofMedicalAspectsofAcuteRadiationInjury

Tables3-6through3-9summarizethecurrentideasonthetreatmentofradiationcasualtiesatprogressively
increasingdoselevels.Thetreatmentmodalitiesaremeantasguidelinesformedicalofficersduringwar
conditions.Also,seeAppendixC,TreatmentBriefs.
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Section V.  COMBINED INJURYóBLAST, THERMAL,
AND RADIOLOGICAL INJURIES

3-18. General

Acombinedinjuryiswhenaradiationinjuryiscombinedwiththeeffectsofblasttraumaand/orthermal
burn injury from a nuclear detonation. Combined injuries will be the norm when dealing with nuclear
detonations (two-thirds of the casualties will have combinations of injuries from the detonation). Chemical
andbiologicalweaponseffectsarenotcombined injuries in theclassicalsense,butarediscussed in this
sectionsincethereisapotentialforcombineduseofNBCweapons.

3-19. BlastInjuries

Theblastinjuriescausedbynuclearweapons,orfromhighexplosivecomponentsofnuclearweaponsand
RDDs,willfrequentlybecomplicatedbyassociatedthermaland/orradiationinjuries.Thediagnosisof
blastinjuriescanoftenbedifficultbecausethereisoftenunrecognizedinternalinjury.Abouthalfofthe
patientsseenwillhavewoundstotheirextremities.Inthosewithinjuriestothethorax,abdomen,andhead,
thedistributionisaboutequal.Injuriesofthethorax,neck,andtheheadwillberesponsibleforalarge
percentageofdeathsbecausethesetypesofinjurieshaveahighprobabilityofimmediatefatality.

3-20. TreatmentofBlastInjuries

Normally,treatmentisdividedintothefollowingfourbasicphasesó

a. Resuscitative Phase (First Aid). Missile, crush, and translational injuries are generally
manifested aswounds of the head, neck, face, chest, stomach, and extremities (fractures) and require
immediateattentionat the individual level. Blastcasualtieswill requireevaluation foracute trauma in
accordance with advanced trauma life support standard therapies.  Lifesaving resuscitativemeasures
designedtopreparethepatientfordefinitivesurgicaltreatmentcomefirst.Theseincludetheestablishment
oftheairwayassuringtheadequacyofrespiration,replacementoflostbloodandfluids,andsplintingof
possiblefractures,particularlythoseinvolvingthecervicalvertebrae.Someresuscitativemeasuresmust
bestartedpriortoevacuation,particularlyifgroundtransportationisusedratherthanhelicopterevacuation.
Allwounds are considered to be contaminated because of infection-producing organisms (germs) and
radiologicalmaterial due to fallout. That awound is contaminated does not lessen the importance of
protectingitfromfurthercontamination,therefore,firstaidprovidersmustdressandbandageawoundas
soonaspossibletopreventfurthercontamination.Foradetaileddiscussiononfirstaidfortypicalblast
injurywounds,seeFM21-11,FirstAidforSoldiers.

b. SurgicalPhase. Definitivesurgeryshouldbedoneafter resuscitativemeasureshavebeen
usedtostabilizethepatient.Occasionally,lifesavingsurgerymustbedonewithoutdelay,butnormally
thereistimetopreparepatientsforsurgeryiftheyhavesurvivedlongenoughtoreachatreatmentfacility.
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Thetreatmentofblastinjuriesisbestmanagedbyapplyingacceptedprinciplesofcombatsurgeryasoutlined
intheTextbookofMilitaryMedicine,PartI,Volume5,ConventionalWarfare,Ballistic,BlastandBurn
Injuries(Chapters5-9).Ofnote,traditionally,combatwoundsarenotclosedprimarilyduetothehighlevel
of contamination,devitalized tissue, and the subsequentmorbidity andmortality associatedwith closed
spacecontamination.Inthecaseoftheradiationcombinedinjurypatient,woundsthatareleftopenand
allowedtohealbysecondaryintentionwillserveasapotentiallyfatalnidusofinfection.Ifatallpossible,
woundsshouldbeclosedprimarilywithin36to48hoursofradiationexposure.Ifsurgeryisrequiredand
cannotbecompletedatforwardlocations,patientswithmoderateinjurywillneedearlyevacuationtoalevel
wheresurgical facilitiesare immediatelyavailable.

c. RecoveryPhase.Intheimmediatepostoperativeperiod,patientsrequireminimalmovement.
Transportationtootherfacilitiesshouldbedelayeduntilthepatientísconditionhas stabilized.

d. ConvalescentPhase.Patientsinthisphaseoftreatmentshouldbeevacuatedbacktospecialized
convalescentfacilitiesinordertokeepthepatientloadofsupportinghospitalsaslowaspossible.Many
injuriesmayrequireaprolongedrecoveryperiodbeforetheindividualhasrecoveredtothepointwherehe
canresumehisduties.Boththeconvalescentandrecoveryphaseswillbemoreprotractedwiththeaddition
ofaradiationinjury.

e. OrthopedicInjuries.Specialcircumstancesexistforthetreatmentoforthopedicinjuriesthat
areassociatedwithradiationexposure.Researchwithrabbitlongbonesdemonstrateslackofadequatecallus
formationandsubsequentnonunionintheirradiatedanimal.Thatis,animalsthatreceivenotreatmentfor
irradiationwillhavenonunionoffractures.Therehasbeennoresearchintomoderntechniquesoforthopedics
andwoundhealingintheirradiatedpatient.Atpresent,itisrecommendedthatanyreconstructivesurgery
bedelayeduntilcompletehealingoftheradiationinjuryhasoccurred.Therehasalsobeennodocumentation
oftheeffectsofaggressivemedicalresuscitationinthesepatients.Primaryamputationmaybethemost
efficaciousmethod of dealingwith severely injured extremities. Conservative attempts at salvage by
repeateddebridementandreconstructionmaywellresultindisasterfortheirradiatedpatient.

f. Tetanus.Allpersonnelreceivemandatoryimmunizationwithtetanustoxoidwhentheyenter
activeduty.However,membersoftodayísprofessionalmilitarymayservemanyyearsaftertheirinitial
immunizations;iftheyhavenotreceivedarecentbooster,theyareatriskofdevelopingtetanusiftheyare
wounded.Therefore,allcasualties,regardlessoftheirinjuries,willreceiveatetanustoxoidbooster(see
AppendixC,paragraphC-15).

3-21. ThermalInjury

Thermalburnscausedbyfire,hotobjects,hotliquids,andgasesorbyanucleardetonationorfireballoften
causeextremepain,scarring,orevendeath.Experimentaldatademonstratethatthemortalityofpatients
with thermalburnsmarkedly increaseswhencombinedwithexposure toradiation.Burnpatientswith50
percentmortalitymaybetransformedintomorethan90percentmortalitywhenirradiatedwithdosesassmall
as150cGy.Therefore,thismaybeconsideredthemostsignificanttypeofcombinedinjury.Infectionisthe
primarycauseofdeathinthesepatients,sincefull-thicknessburnsareidealfornaturallyculturingbacteria.
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3-22. DeterminingSeverityofThermalInjuries

Certainfactorsareofprimeimportanceintheearlyevaluationofburnsbecauseoftheirrelationtooverall
prognosis.Thesefactorsincludeó

ï Areaoftheburnexpressedinpercentageofbodysurfaceinvolved.

ï Involvementofcriticalareasandorgans:forexample,theheadandrespiratorytract.

ï Depthofburn:superficial(first-orsecond-degree),deep(second-degree),andfullthickness
(third-degree).

a. Areaofburn.Themostaccuratewaytoestimatetheseverityoftheburnistomeasurethe
extentofthebodysurfaceburned.Directmeasurementisdifficult,andashortcutmethodofestimatingthe
percentof thebodysurface involvedcanbeveryuseful. TheìRuleofNinesîmethod isasimpleand
reasonablyreliableguideinwhichthevariouspartsofthebodyaredividedintosurfaceareasof9percent
each(ormultiplesof9percent)asshowninTable3-10.

Table3-10.RuleofNinesforEstablishingExtentofBodySurfaceBurned

ANATOMIC SURFACE % OF TOTAL SURFACE

HeadandNeck 9=9

AnteriorTrunk 2x9=18

PosteriorTrunk 2x9=18

UpperLimbs 9ea=18

Lower Limbs 18ea=36

GenitaliaandPerineum 1=1

As the percent of body surface burned increases, predictedmorbidity andmortality increases sharply.
Burnsthatcover20percentormoreofthebodysurfacecanbefatalwithouttreatment.Determinationofthe
percent of the body surface involvedwill aid in planning resuscitative treatment and estimating fluid
requirementsduringthefirst48hoursaftertheburninjury.Patientswithsevereburnswillsufferextensive
fluidandelectrolytelosses,resultinginseverehypovolemicshockrequiringaggressivefluidreplacement
therapyasearlyaspossible.

b. Involvementofcriticalorgans.Whencertainorgansystemsareinvolved,the clinicaleffects
ofburnsarepotentiallymoreseriousinspiteofthefactthatonlyasmallfractionofthebodyisinvolved.

(1) Headandneckburns.Burnsoftheheadandneckcanbeassociatedwithupperrespiratory
tractedema,whichcanresultinrespiratoryobstruction.
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(2) Burnsofthedeeprespiratorytract.Theseinjuriesmayresultinpulmonaryedemawith
aresultanthighprobabilityofmortality.

c. Depthofburn.Burnsareclassifiedonthebasisofthedepthoftheinjury.

(1) Superficialorpartial skin thicknessburns. These are superficial andpainful lesions
whichaffectonlytheepidermis.Theseburnswillhealreadilyiftreatedappropriately.

(2) Deeporfull-thicknessburns.Theseburnsrequireextensiveresuscitationandsurgical
intervention.Theyinvolvethefullthicknessoftheskinandusuallyresultinhealingbyscarringwhich
causescontractionsandlossoffunction.

3-23. TreatmentofThermalInjuries

a. Proper first aidwillminimize further injury of the burned area, and generally includes
performingthebasiclifesavingmeasures,liftingawayanyclothingcoveringtheburnedarea,andapplying
afielddressingtotheburn.Foradetaileddiscussiononfirstaidforburns,seeFM21-11,FirstAidfor
Soldiers.

b. Initialtreatmentofburnpatientswillberesuscitative.Whensuchpatientsarefirstseen,a
simpleplanoftreatmentmustincludemaintenanceofairwaywithventilationsupportasneeded;adequate
fluidtherapy;andcarefulmaintenanceofmedicalrecords.

(1) Maintenanceofairway.Thisisofparticularimportanceinheadandneckburnsorin
unconsciouspatients.  If largenumbersofpatientsareseenrequiring transportationover longdistances
earlyinthepostburnperiod,tracheotomiesorintubationmayhavetobedoneonaroutinebasis.These
proceduresdoneprior to theonsetofedemaaremucheasier toperform thanwhen theyaredoneafter
edemahasresulted inrespiratoryobstruction. Whenonlysmallnumbersofpatientsrequire treatment,
tracheotomies are rarely required.

(2) Fluidtherapy.Theshockthatisassociatedwithanextensiveburnwillbesevere,and
survivalofthesepatientsdependsuponadequate,balancedfluidreplacementtherapy.Standardformulae
fordeterminingthefluidrequirementsofburnpatientshavebeendevelopedandcanbeusedincombat.The
basic principleintheseformulaeisthattheamountoffluidrequiredisproportionaltothepercentofbody
surfaceburnedandbodyweight.DetailedfluidresuscitationprocedurescanbefoundinTheTextbookof
MilitaryMedicine,PartI,Volume5,ConventionalWarfare,Ballistic,BlastandBurnInjuries,Chapter11.

(3) Inputandoutputrecords.Itisextremelyimportanttoaccuratelyfollowtheinputand
outputoffluidsinburnpatientseventothepointofcatheterizingpatientstoaccuratelytrackoutput.Itwould
be impossible tomodify fluid therapyaccording to individualneedswithoutaccurate records. Combat
medicalrecords,however,mustbesimpleandshouldbeattachedtothepatientsothattheyaccompanyhim
duringevacuation.

c. CareofBurnWound.Althoughthefirstpriorityinpatientcareisresuscitation,propercareof
theburnwoundisessentialbothforsurvivalaswellasforoptimumhealingandpreservationoffunction.As
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soonasthepatientísoverallconditionpermits, afterhospitalization,initialdebridementandcleaningofthe
burnshouldbedone.Themainpurposeofthistreatmentistoremoveforeignmaterialanddeadtissueto
minimizeinfection.ThoroughirrigationandtheapplicationoftopicalantimicrobialcreamssuchasMafenide
AcetateCreamandSilverSulfadiazineCreamandsteriledressingsshouldcompletetheinitialprocedures.
Specialattentionshouldbegiventocriticalareassuchasthehandsandsurfacesoverjoints.Nostudiesare
availableregarding theuseofmodernskingraft techniques in thesecombined irradiation-burn injuries.
Also,nodataisavailableregardingtheresponsetoclostridialinfection,butstrongconsiderationshouldbe
giventotheuseoftetanustoxoidboostersasmentionedforwoundsinparagraph3-20.Patientswhoseburns
arecontaminatedbyradioactivematerialshouldbegentlydecontaminatedtominimizeabsorptionofthese
materialsthroughtheburnedskin.Mostradiologicalcontaminantswillremainintheburnescharwhenit
sloughs. Again,seeChapter11,TheTextbookofMilitaryMedicine,Part I,Volume5,Conventional
Warfare,Ballistic,BlastandBurnInjuriesforadetaileddiscussionofthisissue.

3-24. HematopoieticEffectsofCombinedInjury

Radiologicalinjurysignificantlycompoundsthemorbidityandmortalityofpatientswithotherinjuriesby
compromisingtheintegrityofthehematopoieticandimmunesystems.Earlyhealingandactivebiological
damagecontrol systems rapidlydeplete reserves thatare thenunable to regeneratedue to the radiation
injury.Sincereservesaredepletedandconsumedwithoutadequateregeneration,pancytopeniadevelops
morerapidlythaninthepureradiologicallyinjuredpatient.Anemiaresultsfromthepoorproductionofnew
erythrocytes.Therefore,acutebloodlossthatoccursasaresultofaphysicaltraumacannotbereplenished
byincreasedmarrowoutput.Likewise,megakaryocytesareunabletoreplicateasplateletsareconsumed.
Fibroblaststhatpromotewoundhealingaredamagedbyirradiationanddonotreplicateatanormalrate.
Immunosuppressionismagnifiedduetothemorerapiddepletionandslowerproductionoflymphocytesand
neutrophilswhichincreasestheriskofinfection(seeTable3-11).

Table3-11.HematopoieticEffectsofCombinedInjury

RADIATION TRAUMA

Anemia Depletion of vascular reserves.

Bleeding Abnormal clotting; increased viscosity.

Infection Consumption ofmarrow progenitors.

3-25. ChemicalWeaponsandRadiation

Mustardagentsandradiationcancausemanysimilareffects atthecellularlevel.Therefore,theirusein
combinationwilllikelyincreasemorbidity.Theimmediateeffectsofthechemicalagentsmustbecountered
beforeattentionispaidtotheeffectsofradiationthatmaynotmanifestfordaysorweeks.Researchinto
thesecombinedeffectsisonlynowjustbeginning.Forexample,littleisknownaboutthecombinedeffectof
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radiationandnerveagents.However,radiationwilllowerthethresholdforseizureactivityandthusmay
enhancetheeffectsofnerveagentsontheCNS.

3-26. BiologicalWeaponsandRadiation

Thereiscurrentlyinsufficientdatatoreliablypredictcasualtiesfromcombinedinjuriesofsubclinicalor
sublethal doses of ionizing radiation and exposure to aerosolswith biologicalwarfare (BW) agents or
exposuretoinfectiousdiseases.Researchsuggestsashortenedfatalcourseofdiseasewhenavirulentstrain
virusisinjected intosublethallyirradiatedtestmodels,sinceevenminimallysymptomaticdosesofradiation
depress the immune response andwill dramatically increase the infectivity and apparent virulence of
biologicalagents.Biologicalweaponsmaybesignificantlymoredevastatingagainstapopulationwhichhas
recentlybeenirradiated.Alternatively,thelethalityresultingfromradiationexposuremaybesignificantly
higherinpopulationswithexistinghighincidenceofinfectiousdiseasethatmayhavealreadycompromised
population health.  Usually ineffective portals of infection which are made accessible by partial
immunoincompetencemaycauseunusualinfectionprofiles.

3-27. ImmunizationandRadiation

Recentresearchindicatesthatpreviousimmunizationsmayprovidesomeprotectionbywayofcirculating
antibodiesagainstinfectiousagentsincasualtieswithsignificantradiologicalinjury.Althoughleukocyte
numbersandfunctiondecreasefollowingirradiation,circulatingantibodiesarenotappreciablyaffectedby
ionizing radiation. However, the secondary response of the irradiated immune system to previously
recognizedantigenshasnotbeenthoroughlyevaluated.Consequently,passiveimmunizationagainsttetanus
maybeindicatedinthepresenceoftetanus-proneinjuriesdespiteanominallyadequatepriorimmunization
status.Killedvirusvaccinesmayfailtoelicitanadequateimmunogenicresponsebecauseofthelossof
lymphocytes.Asaprecaution,live-agentvaccinesshouldbeavoidedbecausetheuseoflive-agentvaccines
afterirradiationinjurycouldconceivablyresultindisseminatedinfectionfromtheinoculatedstrain.No
data are available on this phenomenon, but experiencewith immunocompromised patients predicts its
occurrence.Preliminaryinvestigationswithnonvirulentagentsandradiationinjuryindicateasignificant
levelofinfectionwilloccur.Therefore,inoculationwithlive-virusvaccinesshouldbepostponeduntilafter
completerecoveryoftheimmunesystem.Killedviralandbacterialvaccinesmaylikewisefailtoelicitan
adequateimmunogenicresponse.Littledataareavailableconcerningtheeffectofionizingradiationoncell-
mediated immunity.
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CHAPTER 4

RADIOACTIVE CONTAMINATION

4-1. General

AsmentionedinChapter2,radioactivematerialreleasedintotheenvironmentcanposebothinternaland
externalcontaminationhazardstopersonneloperatingineithernucleardetonationorLLRenvironments.
Externalhazardsaregenerallyassociatedwithskincontamination,andincludethebiologicaleffectsoflocal
tissue and cutaneous irradiation, and increased probabilities of internal contamination.  Internal
contaminationhazardsareassociatedwith theexposureof internalorgansfromradioactivematerial that
hasbeentakenintothebodyviainhalation,ingestion,orabsorptionthroughtheskinorawound.

4-2. Measuring Levels of Contamination

Anumberofmethodsareusedtodetectcontaminationandtoestimatetheextentofcontamination.Direct
methods includemeasuring skin contamination with hand-held radiation detection, identification, and
computation(RADIAC)instruments,orinternalcontaminationwithspecializedinstrumentsplacedoutside
thebody(in-vivomonitoring).Modelsofhowtheradionuclideismetabolizedinthebodyarethenusedto
estimate the totalamountof radioactivity thatwasoriginally inhaled, ingested,or introduced througha
wound.Indirectmethodsofassessinginternalcontaminationmeasuretheconcentrationofagivennuclidein
theurineorfeces(in-vitromonitoring).Metabolicmodelsofsystemicexcretionarethenusedtoestimate
theoriginalamountofradioactivematerial internalizedat the timeofexposure. Theseestimatesof the
originalintakeofradioactivematerial,inturn,canbeusedtoestimatepatientorgandoses,totaleffective
doses,andaidindetermininglong-termpatientrisksofadversehealtheffects,andguidetreatmentprotocols
toreducecontaminationlevels.

a. Direct External Contamination Assessment.Surfacedetectorsareusuallyusedforskinand
woundmonitoringinthefield.ThemostcommonformofsurfacedetectoristhetubeorpancakeGeiger-
MullerprobecontainedaspartofAN/VDR-2,AN/PDR-77,orADM-300RADIACSets.Theuseofthese
sets allows operational forces to survey patients for external contamination, determine whether
decontaminationeffortshavebeeneffective,orestablishwhenforceshaveexceededoperationalexposure
guidance(OEG)levels.Specializedsmallprobesmaybeusedfordeepwoundsandcanbecoldsterilized
forthispurpose.Contaminatedwoundswithalphaparticlesaredifficulttodetectbecausebloodorbody
issuemayblocktheradiation.Therefore,alphacontaminationmeasurementusuallyreliesonthedetection
ofgamma/betaradioactivityofdaughterproductsorothercontaminants.

b. Direct Internal Contamination Measurement.  Directmeasurementmethods use instru-
mentation external to the body tomeasure contaminationwithin the body.  The advantage of direct
measurement is that it allows for a ìdirectî assessment of internal contaminationwithout relying on
uncertainexcretoryratesthatarenecessarytointerpreturineandfecalbioassaydata.Disadvantagesare
thatmeasurementscanonlybemadefornuclidesthatemitpenetratingradiations(x-raysandgammarays);
also,measurementscanbe influencedbyexternalcontaminationandbackgroundradiation levels. Both
total-andpartial-bodycountersexist.Partial-bodycountersareusedforchestandthyroidmeasurements.
Chestcountersdetectrespiratorytractlevelsofcontaminantssuchasplutoniumanduranium.Whole-body
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counterscaneitherscan thewholebodyorìlookatî thewholebody togive totalestimatesof internal
contamination.

c. Indirect Contamination Measurement.

(1) Skinandnasalswipesareusedtoindicatetheextentandtypeofcontaminationthathas
beeninternalized.Nasalswipesaretakenbilaterally,usingmoistened,cotton-tippedapplicatorstoswabthe
nares. The swabs are then placed individually in test tubes or envelopes,which are labeledwith the
subjectís name and the sample collection time and date.  The swipes are sent to a laboratorywhere
contaminationcanbemeasured,ordriedandquickscannedlocally.Thedetectionofradioactivematerialin
thenaresusually indicatesrespiratory inhalation. However,undersomesituations inhalationexposures
maynothaveanaccompanyingpositivenasalresult.

(2) Bioassay sampling of urine and feces provides indirect measurement of internal
contamination.Radioactivityandconcentrationofthenuclideinurineandfecesdependonmanyfactors,
includingmedicalinterventionandindividualmetabolicandclearancerates.Subsequentestimatesofthe
amountofradioactivematerialinitiallyinhaledandingestedarepronetosignificantvariance.5However,
in-vitromonitoring provides the only acceptable assay technique for alpha and pure beta emitting
radionuclideswhichcannotbeassayedthroughin-vivomethods.Metabolicmodelsareusedtoestimate
internal contaminationbasedon averagehumanmetabolic and clearance rates. Bioassay sampling and
excretiondataaretheprincipalmethodsofdeterminingthepresenceofalphaandpurebetaemitters,which
arethemosthazardousinternalcontaminants.Initialsamplestobeusedtoestablishbaselinelevelsofurine
andfecalradioactivityshouldbeobtainedfromapatientassoonaspractical.Measuresshouldbetakento
avoidtheaccidentalcontaminationofthesesamples.Forexample,contaminatedclothingfromthevictim
shouldbe removedand initialskindecontaminationstepsshouldbeaccomplishedbeforesampling,and
glovesshouldbewornbyallpersonnelhandlingcapturecontainers.Bioassayaccuracydependsonbaseline
levels,multiplepostexposuresamples,andknowledgeof theprecise timeofcontaminationand typeof
contaminant(s). Table 4-1 shows general guidelines for bioassay sampling. A detailed discussion of
radiationmeasurementtechniquesincludingbioassaysamplingcanbefoundinChapter4ofNCRPReport
No.65,Management of Persons Accidentally Contaminated With Radionuclides.

Table 4-1.  Guidelines for Bioassay Sampling

OPTIMUM SAMPLE TIME AFTER EXPOSURE

MATERIAL FECES URINE QUANTITY

Plutonium 24 hours 2ñ3 weeks 24 hour total

Uranium 24hours 24hours 24hourtotal

Tritium N/A 12 hours 1 voiding

5. National Council on Radiation Protection (NCRP) and Measurements Report No. 65, 1979.
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Section I.  EXTERNAL CONTAMINATION, IRRADIATION,
AND ACUTE LOCAL RADIATION INJURY

4-3. External Irradiation

Themostserious injuriesresultingfromradiationaccidentshavebeendue topenetratingradiationfrom
externalsources.6 Externalcontaminationbyradionuclidescanoccurwhenanindividualorunittraversesa
contaminatedareawithoutappropriateprotection,orremainsinahazardousdownwindareawhenfallout
occurs.Iftheindividualiswoundedwhileinthecontaminatedarea,hemaybecomeinternallycontaminated.
Theradioactivecontaminationhazardofinjuredpersonneltoboththepatientandattendingmedicalpersonnel
willbenegligible, sonecessarymedicalor surgical treatmentmustnotbedelayedbecauseofpossible
contamination.

a. Medical personnelminimize the risk of exposure by following decontamination principles
similartothoseforBWandCWagents.Ifcircumstancesallow,medicalpersonnelshoulddonprotective
clothingbeforecomingintocontactwithcontamination.Protectiveclothingconsistsofgloves,overshoes,
andaplasticapron. Surgicalgownsareacceptable. Contain irrigation fluid inholding tanksandbag
contaminated clothing andmedical supplies and give them to radiation safety personnel. USmedical
personnelaresubjecttothesameOEGasothermilitarypersonnel.Itshouldbenotedthatthehighestactual
dose recorded for aUShealth careworkerwasonly0.014 cGy,whichoccurredduring the careof a
radiationaccidentvictimofacommercialnuclearpowerplantaccident.Thatdoseapproximatesthedose
receivedduringasinglechestradiograph.

b. Usebeta-gammaandalphamonitoringinstrumentsfortheinitialradiationsurveyoftheskin
andclothing.Ifcontamination ispresenton theclothing,remove itandrepeat themonitoringover the
patientísskin.Contaminantsmaybe heldtothesurfaceoftheskinbyelectrostaticforces,surfacetension,
orbindingwithskinproteins.Skinpenetrationisrelativetothetypeofradiation.Alphaparticlesfrom
radionuclideson theskinsurfacedonot reach thebasalcell layerof theepidermis. Betaparticlesare
reducedbyafactoroftwoforevery1mmofskin.Skinonmostareasofthebodyhasadepthof2mm.The
epidermisisapproximately0.1mmindepth,exceptoverareasofexternalfriction.Thoseareasincludethe
palms,digits,andsolesofthefeetwherethethicknessofthestratumcorneumcanreach1.4mm.Medical
militaryphysicistsusetheestimateofskinradiationdoseatthebasalepithelium,sincethatistheareathat
liesadjacenttothesmallbloodvesselsofthedermis,andistheareathatcanbeaffectedbybetaandgamma
radiation.Gamma-radiationemittersmaycausewhole-bodyirradiation,whilebetaemittersleftontheskin
may cause significant burns and scarring. However, it is highly improbable for a patient to be so
contaminatedthatheisaradiationhazardtohealthcareproviders.

4-4. Decontamination

Decontaminationisusuallyperformedduringthecareofsuchpatientsbyemergencyservicepersonneland
ideally,prior to the arrival atmedical facilities. As thiswillnot alwaysbepossible,decontamination

6. Ibid.
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proceduresshouldbepartoftheoperationalplansandproceduresofalldivisionsanddepartments.This
ensuresflexibilityofresponseandactionandwillpreventdelayinneededmedicaltreatment.Thesimple
removalofouterclothingandshoeswill, inmost instances,effecta95% (military)and90% (civilian)
reduction in the patientís contamination.  The presence of radiological contamination can be readily
confirmedbyslowlypassingaradiationdetector(RADIAC)overtheentirebody.Openwoundsshouldbe
coveredpriortodecontaminationofsurroundingskin.Contaminatedclothingshouldbecarefullyremoved,
placedinmarkedplasticbags,andremovedtoasecurelocationwithinacontaminatedarea.Bareskinand
hair shouldbe thoroughlywashed, and ifpractical, the effluent shouldbe sequestered anddisposedof
appropriately.SeeFM8-10-7,Health Service Support in a Nuclear, Biological, and Chemical Environment
foradetaileddiscussiononpatientdecontamination.

a. Skin Decontamination. Skindecontaminationshouldbeundertaken todecrease theriskof
acutedermalinjury,tolowertheriskofinternalcontaminationofthepatient,andtoreducethepotentialof
contaminatingmedicalpersonnelandtheenvironment.Afterthepatientísclothingisremoved,washingthe
patientwithsoapandwateris95percenteffectivebecausesoapemulsifiesanddissolvescontamination.
Gentlebrushingortheuseofanabrasivesoaporabrasivegranulesdislodgessomecontaminationphysically
heldbyskinprotein,orremovesaportionofthehornylayeroftheskin.Additionofachelatingagenthelps
bybindingthecontaminantinacomplexasitisfreedfromtheskin.Thestratumcorneumoftheepithelium
isreplacedevery12to15days,thus,contaminationthatisnotremovedandisnotabsorbedbythebodywill
besloughedwithinafewdays.

b. Decontamination Techniques.Avoidunnecessarydamagetotheskin;ceasewashingbefore
abrasionoccurs.Ifwashingwillnotremovestubbornhandanddistalextremityskincontamination,wrap
thecontaminatedareaand,overtime,sweatingwilldecreasecontamination.Todecontaminatehair,use
any commercial shampoo without conditioner.  Conditioners bindmaterial to hair protein,making
contaminationremovalmoredifficult. Considerclippinghair toremovecontaminants. Donotremove
eyebrowswithout significantcause since theygrowback slowly ifatall. For skinandwounddecon-
tamination,useacleaningsolution.Suggestedsolutionsareó

ï Soapandwaterornormalsaline.

ï Betadineandwater.

ï Phisodermandwater.

ï Hydrogenperoxide.

ï Dakinsolution(0.25percentsodiumhypochlorite).

ï 0.05%chlorinesolution(householdbleachdilutedwithwaterataratioof100to1).

4-5. Local Tissue Irradiation

Local irradiation of tissues occurswhen highly radioactivematerial, such as an industrial radiography
source,isplacedinproximitytotissue.Asradiationintensityincreasesbecauseofincreasingproximityto
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thesource,thetissueimmediatelyadjacenttothesourcereceivesatremendousdose.Thetotalbodydosage
maybeonly200cGy,butthelocalskindosecaneasilybeinthethousandsofcGy(seeTable4-2).

Table 4-2.  Local Tissue Damage

DOSAGE (CGY) SYMPTOM TIME POST-EXPOSURE

>300 Epilation 2ñ3 weeks

~600 Erythema Minutes to weeks

>600 Edema Minutes to weeks

1000ñ2000 Blistering 2ñ3 weeks

~3000 Ulceration 1ñ2 months

5000ñ6000 Gangrene, necrosis, deep ulceration Weeks

a. Initial skinchangeswillbe similar to thoseofCutaneousRadiationSyndrome (CRS) (see
paragraph4-6),butwithpenetratinggammaradiation,damagewillbeseeninthedeepertissuesovertime.
Developmentofdeep-baseulcerswithmarkederythemaat themargins iscommon. Granulation tissue
developsandmonthscanberequiredforhealing.

b. Deeptissuesrespondinasimilarfashioniftheradioactivesourceisplacedintheirimmediate
proximity.Radiotherapyliteratureisthebestsourceofinformationconcerninginjurytospecifictissuesand
anatomic structures.

4-6. Cutaneous Radiation Syndrome

Acuteskin injuryoccurswithradiationdosesrangingfromseveralhundred to2000+cGy. Delayed,irre-
versiblechangesoftheskinusuallydonotdevelopasaresultofsublethalwholebodyirradiation,butinstead
followhigherdoseslimitedtotheskin.Thesechangesareacommoncomplicationinradiationtherapy,but
theyshouldbeuncommoninnuclearwarfare.TheycouldoccurwithanRDDifthereisheavycontamination
ofbareskinwithbetaemittermaterials,orduetomishandlingofanindustrialradiographysource.

a. Cutaneous Radiation Effects.EffectsfollowadistinctclinicalpatternthatdefinestheCRS.
Thedifferentstepsofdevelopment,includingthesymptoms,aresummarizedinTable4-3.Withinminutes
tohoursafterexposureanerythematousreactiondevelopsthatmaybeassociatedwithaburningurticaria.
Thistransientprodromalphaseusuallylastslessthan36hours.Itisfollowedbyaclinicallyinapparent
latentphase.Themanifestphaseischaracterizedbyoccurrenceofanintensivelyerythematousskin,which
mayshowscalinganddesquamation.Inmoresevereconditions,subepidermalblistersandevenulcerations
maydevelop.Thoughsimilarskinlesionsareproducedbythermalinjury,thetimecourseandunderlying
processesinvolvedinthedevelopmentoftheCRSaresodifferentfromthermalburnsthatthetermradiation
burnsor beta-burns are considered inappropriate andmisleading for this clinical condition and should
thereforebeabandoned.
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Table 4-3.  Clinical Stages of the Cutaneous Radiation Syndrome

STAGE DEFINITION SYMPTOMS OCCURRENCE DURATION SYNONYMS

(POSTEXPOSURE TIME)

1 Prodromal Erythemaitch Minutestohours 4to36hours Earlyerythema

2a Manifest Erythema Days to 2 weeks 2 to 12 weeks Main erythema

2b Manifest Blisters;Dry/moist Days to2weeks 2 to12weeks Mainerythema

desquamation

Burn

2c Manifest Ulcers Days to 2 weeks 2 to 12 weeks Main erythema

3 Subacute Erythema;Ulceration 6 to9weeks 2to4months Lateerythema

4 Chronic Fibrosis Keratosis; Ulceration Indefinite to 2 years Progressive

Telangiectatic

5 Late Neoplasia;Ulceration Years to decades Indefinite

Angiomas

b. Chronic Cutaneous Radiation Syndrome.  In the chronic stage of theCRS, three clinical
manifestationsdominatethecourse:

ï Radiationkeratosescandevelopinanyexposedarea.Theselesionsmustbeconsidered
precancerousandshouldbemonitoredthoroughly.Singlelesionsmaybeexcised.

ï Radiation fibrosis is caused by an increase of collagenous tissue from dermal and
subcutaneousfibroblastsandmayleadtopseudoatrophyoffattytissue.Fibrosismayleadtovasculature
occlusionandcausesecondaryulceration.

ï TelangiectasisareacharacteristicsignofthechronicstageoftheCRSinhumans.Apart
fromcosmeticdisfiguring,theymaycauseapermanentitchingsensationandadisturbingfeelingofwarmth.

4-7. Treatment of the Cutaneous Radiation Syndrome

Standardizationof treatment isdifficult to achievedue to the rarityof this syndrome. An established
treatmentschemedoesnotexist.Differingprocedures indocumentationofaccidentsfurtherreduce the
comparabilityoftherapeuticeffortsindifferingaccidentsituations.Whateverthecircumstance,treatment
mustprovidesymptomaticreliefandminimizationofadditionalrisktothepatient.Recommendedtherapies,
dosages,andthetherapeuticoutcomearesummarizedinTable4-4.

a. ExperienceinthemanagementofthemanifeststageofCRSislimitedtoradiotherapypatients.
Intheseconditions,anerythematousanderosiveconditionoccasionallyoccurs,thatisoftenassociatedwith
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aburningitch.TreatmentwithLoratadine,anon-sedatingandmast-cell-stabilizingantihistamine,induced
amarkedreliefofthesesymptomsandashorteningoftheerythematousphase.Topicalsteroidsgenerally
havebeenusedwithsuccess.Additionaltreatmentmodalitiesthathavebeenreportedtobeofvalueinthe
manifeststagearecleansingoftheoralcavityandadministrationofpilocarpineforpreventionofmucositis.
Heparinizationandantibioticprophylaxisforbacterialandviralinfectionsmaybebeneficial.

Table 4-4.  Symptom-Oriented Therapy for the Cutaneous Radiation Syndrome

SYMPTOM TREATMENT APPLICATION DOSAGE RESULT SIDE EFFECTS

Pruritus Antihistamines Oral As appropriate Reliefof itch Sedation

Erythema Steroids Topical 2Xdaily Alleviation Nonewhenused less

than 3weeks

Blisters Steroids TCDO Wet dressing 3 X daily Alleviation

Dryness Linoleicacidcream Topical 1Xdaily Inhibitionof

water loss

Keratoses Tretinoin Topical 1Xdaily Clearance Irritation;

Acitretin Oral 0.1-0.3mg/kg moderate dryness of lips

Inflammation Mometasone Topical 3ñ4 Xweek Alleviation

Fibrosis IFN gamma Subcutaneous 50 mg 3 X week Reduction Fever

PTX and Oral 400 mg 3 X daily Reduction

Vitamin E + 300 mg 1 X daily

b. Treatmentmodalities for the chronic stage of the CRSwere developed from Chernobyl
sequelaeandfromtherapeuticirradiationpatients.Chernobylpatientsrespondedwelltoabasictherapy
with a linoleic acid ointment that blocked transepidermal water loss.  Symptomatic telangiectasias
disappearedaftertreatmentbyanArgonlaser.Tretinoincream0.005percentappliedoncedaily,ledto
clearanceoffocalandpatchyradiationkeratoses,however, thecreamappeared tocausemore irritation
than iscommon inpatientswithactinickeratoses.Intermittentanti-inflammatory treatmentwith topical
nonatrophogenicsteroids(MometasoneBuroate)wasnecessary.Inmoreextensivelesions,oralapplication
oftheretinoidAcitretin(0.1ñ0.2mg/kgdaily)wasused,analogoustothereportedtreatmentofradiation-
induced keratoacanthomas.

c. SubcutaneousadministrationofInterferon(IFN)hasbeenbeneficial topatientswithsevere
andextensiveradiationfibrosis(IFNgamma,50mgsubcutaneouslythreetimesperweekfor18months).
Using a protocol for scleroderma patients, fibrosismay be reduced almost to the level of uninvolved
contralateral skin. Sideeffects included low-grade fever to38.5∞Cafter the first two injections. The
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efficacyofIFNgammamaybeexplainedinpartbyitsantagonisticeffecttowardsthecytokineTGF-beta,
which isof importance for the inductionofradiation fibrosis. Another therapeuticoption forradiation
fibrosisisthecombinedadministrationofPTX(400mgthreetimesdaily)andvitaminE(400mgonce
daily).Thisregimen,appliedforaminimumof6months,amelioratedpersistentradiationfibrosisthathad
beenprogressiveforover20years.TopicaldressingsofTCDOinduceconsiderablegranulationandre-
epithelization in erosive skin conditions. Radioprotective properties of TCDO have been reported in
experimentalmodelsthatalsodemonstratedregenerativecapacitiesincomplicatedwounds.

d. Appropriatesurgicalproceduresincludeexcisionofulcersandcontractures,woundclosureby
splitandfullthicknessskingrafts,andincertaininstances,vascularizedflaps.Graftsusuallyhealwithout
complications,includingsituationswherethesurroundingtissuemaybeaffectedbylateradiationeffects.
Thesurgicalexperience,derivedfrompatientswithskinfibrosisafterdeeplypenetratingradiationtherapy,
wasthatskingraftsdonothealifthesurroundingaffectedtissueisnotcompletelyremoved.

Section II.  INTERNAL CONTAMINATION AND IRRADIATION

4-8. General

Internalirradiationoccurswhenunprotectedpersonnelingestorinhaleradioactivecontaminants,orhave
contaminantsbecomeinternalizedviaatraumaticwound.Largeintakesofsomeradioactivecontaminants
posesignificanthealthrisks.Theserisksarelargelylong-terminnatureanddepend notonlyonthetypeand
concentrationoftheradioactivecontaminantabsorbed,butalsoonthehealthbackgroundoftheexposed
individual.Potentialcancersofthelung,liver,thyroid,stomach,andboneamongothersaretheprincipal
long-term health concerns (see Chapter 5).  Contamination evaluation and therapymust never take
precedence over treatment of conventional acute injuries.  However, early recognition of internal
contaminationprovidesthegreatestopportunityforremovalofthecontaminant,thusreducingthepotential
forfurtherinjury.SeeNationalCouncilonRadiationProtectionandMeasurements(NCRP)ReportNo.
65,Management of Persons Accidentally Contaminated With Radionuclides,forfurtherdetailedinformation
oninternalirradiation.

4-9. Internalization of Radioactive Materials

The severity of internal contamination is dependent on the same processes that determine clinical severity
relatedtoexposuretononradioactivetoxins.Severityisdependentontherouteofexposure,chemicaland
physicalformofthenuclide,totalintakeoftheradionuclide(s),anditsdistributionandmetabolismwithin
thebody.

a. Intake.  Inorderofdecreasing frequency, contaminants enter thebodyprincipallyby the
followingfourroutes:

ï Inhalation.



4-9

FM 4-02.283/NTRP 4-02.21/AFMAN 44-161(I)/MCRP 4-11.1B

ï Ingestion.

ï Woundcontamination.

ï Skinabsorption.

(1) Inhalation.  Inhalation is the primary intake route for radioactive contamination.
Absorption isdependenton theparticle sizeof thecontaminantandon its solubility in the lung. The
contaminantísparticlesizedetermines itsdepositionwithin therespiratory tract.Forexample,particles
smallerthan5micronswillreachthealveolararea.Thosesmallerthan1micronwillbenaturallyrespired
astheindividualbreathesoutandthosebetween1and5micronswillbedepositedinthealveoli.Ninety
percentoftheparticlesgreaterthan5micronsneverreachthealveoli.Forthoseparticlesdepositedinany
areaoftherespiratorytract,theirabsorptiondependsonthechemicalsolubilityofthecontaminant.Soluble
particleswill be absorbed directly into the circulatory system through either the blood stream or the
lymphaticsystemandwillultimatelybedistributedthroughoutthebody.Therateofabsorptionwillprobably
bequickerviathealveolithanviatheupperrespiratorytractduetotheenhancedbloodsupplyinthealveolar
beds.Insolubleparticleswillremainwithintherespiratorytract.Thoseinsolubleparticleswithintheupper
respiratorytractwillbeclearedbythemucociliaryapparatusbutuntiltheyarecleared,theywillcontinueto
irradiatethesurroundingtissueswhichcanleadtofibrosisandscarringintherespiratorytract.Inaddition,
mostofthesecretionsfromtheupperrespiratorytractwillreachthepharynxandbeswallowedandresult
ininternalexposurethroughtheGItract(seeTable4-5).

Table 4-5.  Clearance Times of Various Branches of the Human Respiratory Tract
for Insoluble Particulates

STRUCTURE CLEARANCE TIME (HOURS) CUMULATIVE TIME (HOURS)

Trachea 0.1 0.1

Bronchi 1.0 1.1

Bronchioles 4.0 5.1

TerminalBronchioles 10.0 15.1

Alveoli 100+ days 100+ days

(2) Ingestion. Radioactivematerial can enter theGI tract through eating contaminated
foodstuffs, transferring contamination from hands tomouth, or by swallowing contaminatedmucous
transportedtothepharynxfromcontaminationinthelung.Absorptionoftheradionuclidethroughthecrypts
of the small intestine is dependent again on the contaminantís physical and chemical characteristics.
However,mostingestedheavymetalradionuclideswillpassthroughthe gastrointestinaltractwithoutbeing
absorbedintothesystemiccirculation.Forexample,only20percentofradiumthatisingestedisabsorbed,
only30percentofstrontiumthatisingestedisabsorbed,but100percentoftritium,iodine,andcesiumthat
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areingestedisabsorbed.Itisthelargeintestinethatreceivesthegreatestradiationexposureduetothe
slowertransittimeforingestedmaterials.ClearancetimesofthehumanGItractareshowninTable4-6.

Table 4-6.  Clearance Times of the Human Gastrointestinal Tract

ORGAN MEAN EMPTYING TIME AVERAGE OCCUPANCY TIME

(HOURS)  (HOURS PER DAY)

Stomach 1 6

SmallIntestine 4 14

UpperLargeIntestine 13ñ20 18

Lower Large Intestine 24 22

(3) Wound contamination. Woundsareclassifiedasabrasions, lacerations,orpunctures.
Thedifferingcharacteristicsofeachtypeofwoundaffecttheabsorptionanddecontaminationofradioactive
substances.Abrasionspresentalargesurfaceareadenudedofintactskinthatdecreasestheskinbarrier
andincreasesthepotentialforabsorption.Generally,theyareeasytodecontaminateduetoeasilyaccessible
contaminants.Lacerationsalsoareeasytodecontaminatebecausethecontaminatedtissuecanbeexcised.
Puncturewounds,however,aredifficulttodecontaminatebecauseofpooraccesstothecontaminantsand
becauseofdifficultyindeterminingthedepthofthewoundaswellasthedepthofcontamination.Solubility,
acidity/alkalinity,tissuereactivity,andparticlesizeaffecttheabsorptionofacontaminantwithinawound.
Forexample,themoresolublethecontaminant,thegreatertheabsorptionrate.Inaddition,comparatively
smallerparticlesmaybephagocytizedinthetissuesmorerapidlyandthusinternalizedmorerapidly.

(4) Skin absorption.Theskinactsasaphysicalbarrierwiththehornyepitheliallayeracting
astheprimarybarrier.Percutaneousabsorptionoccursbypassivediffusion,andisnotamajorconcern
exceptwithtritium.Skinthathasbeenmechanicallydamaged,asfromrepeatedabrasivescrubbing,allows
forgreaterabsorption.Skinthathasbeenexposedtocertainchemicalslikedimethylsulfoxideisalsomore
permeable. Absorption through sweatglandsandhair follicles isaminorconcern since,overall, they
constituteonlyasmallsurfacearea.

b. Distribution.Oncearadionuclideisabsorbed,itisdistributedthroughoutthebodyviathe
circulatoryandlymphaticsystems.Therateofdistributiontoeachorganisrelativetothelymphaticor
bloodflow through thatorganand themetabolicrateof theorgan. Deposition isrelated to theeaseof
transportof the radionuclideor itsmetabolitesacrosscellbarriers inagivenorgan,and themetabolic
processesofthetissuethatmayinvolveanaffinityforagivenradionuclideornuclidemetabolites.

c. Metabolism and Excretion. After uptake into a particular organ, a radionuclidewill be
metabolizedaccording to itschemicalpropertiesandwillbeexcretedeither in itsoriginalstateorasa
metabolite.Thebiologichalf-lifeofaradionuclide,determinedbyitsrateofmetabolismandexcretion,is
asimportantasitsradiologicalhalf-lifeindeterminingthesignificanceoftheexposuretoaspecifictissue.
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Mostingestedheavymetalnuclides(dependingupontheoxidestate)willpassthroughthegastrointestinal
tractunchanged.Theprimaryroutesofexcretionforabsorbedradionuclidesarethroughtheurinarytract
viathekidneys,theGItractviatheliverandcommonbileduct,andthelungs.Minorroutesofexcretion
includesweat,saliva,milk,andseminalfluid.Ingeneral,compoundsthatarewatersolubleareexcreted
throughtheurine,whilelipid-solublecompoundsareexcretedviathebileintotheintestine.

4-10. Internal Contamination Treatment

a. Immediate Care.  As discussed earlier, skin or wound contamination is almost never
immediatelylifethreateningtothepatientortomedicalpersonnel.Therefore,attendingtoconventional
traumainjuriesisthefirstpriority.Assoonasthepatientísconditionpermits,stepsshouldbetakento
determineifinternalcontamination hasoccurred.Nasalswabsamplesforradioactivityshouldbeobtained
asearlyaspossible.However,undersomesituationsinhalationexposuresmaynothaveanaccompanying
positivenasalresult.Ifcontaminationispresent,especiallyinbothnostrils,itispresumptiveevidencethat
inhalationofacontaminanthasoccurred.Aurinesampleandfecessampleshouldalsobecollectedtohelp
determinewhetherinternalcontaminationhasoccurred.7Adviceoncollectionproceduresarediscussedin
detailintheNCRPReportNo.65,andmayalsobeprovidedbyamedicalmilitaryphysicist.

b. Treatment Procedures.Treatmentofpersonswithinternalcontaminationfocusesonreducing
theradiationdosefromabsorbedradionuclidesandhence theriskof long-termbiologicaleffects.Two
generalprocessesareusedtoachievethisgoal:reducingtheabsorptionofradionuclidesandtheirdeposition
intargetorgansandincreasingexcretionoftheradionuclidesfromthebody.Anumberofproceduresare
availableforrespiratorycontaminationandGIcontamination.Aswithanymedicaltreatment,theclinician
shouldconsidertherisksandbenefitstothepatient.Thebenefitofremovingtheradioactivecontaminant
usingmodalitiesassociatedwithsignificantsideeffectsandmorbiditymustbeweighedagainsttheshort-
and long-term effects of contamination without treatment.  The radioactivity and the toxicity of the
internalizedradionuclidemustalsobeconsidered.Riskestimatesincludeprofessionaljudgmentcombined
withthestatisticalprobabilityofradiation-induceddiseasesoccurringwithinapatientíslifetime.Someof
theimmediatesimpletreatmentproceduresinclude:8

(1) Oral and nasopharyngeal irrigation.

(2) Stomachlavageuntilstomachwashingsarerelativelyfreeofradioactivematerial.

(3) Emeticstoinducevomiting.Emeticsaremosteffectivewhentakenwith200ñ300mlof
water.However,theyarecontraindicatedifthestateofconsciousnessisimpaired,suchasinthestatesof
shockorinebriation,orafteringestionofcorrosiveagentsorpetroleumhydrocarbons.

(4) Purgativesorlaxativestoenhanceintestinalmotility.

(5) Enemasorcolonicirrigationstoreducethetimeradioactivematerialsremaininthecolon.

7. Ibid.

8. Ibid.
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c. Therapeutic Agents.Themostimportantconsiderationsintreatmentaretheselectionofthe
properdrug foraparticular radionuclide,and the timelyadministrationof thedrugafter theexposure.
Someofthetreatmentagentswhichcouldbeused arepresentedbelow,withspecificsforeachagentshown
inadetailedlistinginAppendixB,andinNCRPReportNo.65.

(1) Prussian blue.TheUSFoodandDrugAdministrationhasremovedearlierrestrictions
ontheuseofPrussianBlue(ferricferrocyanide)intheUS.Ithasbeenapprovedasaninvestigationalnew
drug,andtheRadiationEmergencyAssistanceCenter/TrainingSite(REAC/TS)hasthelicenseforresearch
use. Prussian blue is indicated for treatment of cesium, thallium, and rubidium contamination. This
chemical isnot absorbedby theGI tract and itworks through twomodesof action.  Itdecreases the
absorptionofmanyradionuclidesintotheGItract,andremovessomeradionuclidesfrom thecapillarybed
surroundingtheintestineandpreventstheirreabsorption.PrussianBlueismosteffectivewhengivenearly
afteringestionandseriallythereafter.

(2) Blocking and diluting agents.Blockinganddilutingagentsworkbypreventingtheuptake
ofaradionuclideinatargetorganorbyoverwhelmingtheorganwithstablecompoundsthatreducethe
uptakeandincorporationoftheradionuclideintothattargetorgan.Potassiumiodideisanexcellentexample
ofablockingagent,andmustbegivenbeforeorwithin6hoursofexposuretoradioiodine(seeTable4-7).

Table 4-7.  Recommended Prophylactic Single Doses of Stable Iodine

AGE GROUP MASS OF TOTAL MASS OF KI MASS OF KIO3 VOLUME OF LUGOLS

IODINE SOLUTION

Adults/adolescents 100mg 130mg 170mg 0.8ml

(over 12 yrs)

Children (3ñ12yrs) 50mg 65mg 85mg 0.4ml

Infants (1moñ3 yrs) 25mg 32.5 42.5 0.2ml

Neonates(birthñ1mo) 12.5mg 16mg 21mg 0.1ml

(3) Mobilizing agents. Mobilizing agents are compounds that increase the excretion of
internalcontaminants.Examplesofmobilizingagentsaretheantithyroidmedicationsó(propylthiouracil,
methimazole,andpotassiumthiocyanate),ammoniumchloride,anddiuretics.

(4) Chelating agents. Chelatorsareaspecific typeofmobilizingagent thatenhances the
eliminationofmetals from thebloodstreambefore they reach targetorgans. Forexample,chelation is
ineffectiveatremovingplutoniumalreadydepositedinthebone.Chelatorsareorganiccompounds(ligands)
thatexchangelessfirmlybondedionsformetalions.Thisstablecomplex,thechelatorandthemetal,isthen
excreted by the kidney. Chelation therapy has been used for enhanced elimination of lead,mercury,
arsenic,andotherheavymetals.Inaddition,chelation therapyhasbeenused to treat internalradiation
contaminationonalimitedbasis.Whenusedtotreatinternalradiationcontamination,radioactivitylevels



4-13

FM 4-02.283/NTRP 4-02.21/AFMAN 44-161(I)/MCRP 4-11.1B

fromsamplesofurineandfecesmustbefollowedaswellasradioactivitylevelsbasedontotalbodyand
chestcounts.Continuationoftherapyisdeterminedbyassessingchelationyieldinurineandfeceswith
remainingbodyburden.Noserious toxicity inhumanshasbeenreportedwhenchelatorsareused in
recommended doses.  Examples of chelators includemeso-2,3-dimercaptosuccinic acid (DMSA), 2,3-
dimercapto-1-propanesulfonic acid (DMPS), calciumdiethylenetriaminepentaacetic acid (CaDTPA), and
DTPA.
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CHAPTER 5

LOW-LEVEL RADIATION

5-1. Low-Level Radiation Characteristics and Hazards

a. Forpurposesofthismanual,LLRpatientsarethosewhohavereceiveddosesof75cGyor
less. Low-levelradiationmaybepresent indispersedradioactivematerial insolid, liquid,gaseous,or
vaporform,orintheformofdiscretepointsources.AllofthetypesofradiationdescribedinChapter2
(alpha,beta,neutron,andgamma)maybeemittedbythematerialpresentinLLRsources.SourcesofLLR
werediscussedindetailinChapter1,andaregenerallyradioactivematerialfromnuclearfacilities(power
plants),industrialandmedicalcommodities,RDDs,nuclearweaponsincidents,andmilitarycommodities.

b. ThecurrentthreattoUSForcesinvolveprimarilyterroristactionswithimprovisednuclear
devicesorRDDs,andhazardsduetonuclearincidents.Incontrasttotherisksassociatedwithnonstrategic
or strategic nuclear war, the risk of exposure to low-level radiation is more limited geographically, involves
alimitednumberofindividuals,requiresmoredocumentationofexposurehistoryandtreatment,andthe
immediatehealthriskstoexposedpersonnelaregenerallymuchlower.Exceptinrarecircumstances,the
radiationdosesreceivedifthesehazardsareencounteredwouldlikelybewellbelowthosethatwouldcause
observabledeterministichealtheffects,withonlyminorchanges inbloodCBCsexpectedat thehighest
dosesinthisrange.However,theycouldbeabovetheUSandhostnationoccupationaldoselimitsthatare
appliedtocivilianworkersandmilitarypersonnelassignedtoroutinedutiesinvolvingradiationexposure.
Becauseofthis,doctrinedevelopmentgoesbeyondhelpingmilitarypersonneltosurviveacuteradiation
injuries.Itnowincludesmedicalcareandfollow-upfordelayedhealtheffectsfromlow-levelradiation
exposures (primarily the development of radiation induced cancer). This chapterwill cover low-level
radiationexposureguidance,delayed/latehealtheffects,prevention,medicalcareforexposedpersonnel,
long-termmedicalfollow-up,anddocumentationofmedicalrecords.Further,thesemedicalconsiderations
willlikelybeapartofthecommanderísoperationalplan.

Section I.  LOW-LEVEL RADIATION EXPOSURE

5-2. Exposure Guidance

a. In peacetimewhile not deployed, radiation exposures of servicememberswhose normal
operationalduties include, forexample,handlingofmilitary radioactivecommodities,aregovernedby
DepartmentofDefenseInstruction(DODI)6055.8,Occupational Radiation Protection Program,federal
regulations governing radiation protection, and service specific instructions and regulations.  These
limitations are comparable to civilian worker protection regulations that govern radiation protection
ìpractices.îHowever,theydonotspecificallyaddressnonoccupationalexposuresformilitaryoperations,
suchasamaneuverunitmovingintoaradiologicallyhazardousarea.Radiationexposurecontrolmeasures
in these situationsmustbalance the requirement to adequatelyprotect individual servicememberswith
mission execution.  The fundamental radiation protection principle ofALARA (as low as reasonably
achievable)stillapplies.

b. Theoccupationalannualdoselimitis5cGy,while75cGyisthethresholdforthedevelopment
ofacutehealthaffectsthatbecomeaconcerninnuclearwar.Themostcurrentexposureguidancebetween
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thesetwolimitsisfoundinTable5-1whichisfromNATOSTANAG2473,Commanders Guide on Low-
Level Radiation (LLR) Exposure in Military Operations.Theexposureguidanceappliestomissionswith
durationsrangingfromminutestooneyear.Therisksassociatedwithradiationexposurewithinthisrange
of5to75cGyareconfinedprimarilytotheriskofincreasedincidenceofmalignantdiseases,includingsolid
tumorsandleukemias(seeSectionII,Delayed/LateHealthEffects).Addedtothistable,aremedicalnotes
for eachRES and the stochastic riskof long-termhealth effects as adapted fromAMedP-6(C), NATO
Handbook on Medical Aspects of NBC Operations,RatificationDraft.Militaryoperationsmayrequirethat
national peacetime regulations governing exposure be exceeded, as when performing humanitarian,
lifesaving, and/or emergency operations. All exposure to radiationmust be justified by necessity and
subjectedtocontrolsthatmaintaindoseswithintheconceptofALARA.RefertoSTANAG2473,Annexes
CandDforexposurelimitswhileoperatingincontaminatedareas.

Table 5-1.  Low-Level Radiation Guidance for Military Operations

TOTAL CUMULATIVE RADIATION RECOMMENDED STOCHASTIC MEDICAL

DOSE (SEE EXPOSURE STATE ACTIONS RISK NOTES

NOTES 1 AND 2) CATEGORY

0ñ0.05 cGy 0 ñNone NormalRisk:<0.004% USbaseline20%

lifetime risk of fatal

cancer.

0.05-0.5 cGy 1A ñRecord individual dose readings. Up to 0.04% increased None

ñInitiateperiodicmonitoring riskof lifetimefatal

  (includingairandwater). cancer.

0.5-5 cGy 1B ñRecord individual dosereadings. 0.04%ñ0.4% increased Reassurance

ñContinuemonitoring. riskof lifetimecancer.

ñInitiate radsurvey.

ñPrioritize tasks.

ñEstablish dose control measures

 aspartofoperations.

5-10 cGy 1C ñRecord individualdosereadings. 0.4%ñ0.8% increased Counselregarding

ñContinuemonitoring. riskof lifetimefatal increased long-

ñUpdate survey. cancer. termrisk;nolive

ñContinuedosecontrolmeasures. virus vaccines

ñExecute priority tasks only for 3 months.

(see note 3).

10-25 cGy 1D ñRecord individual dose readings. 0.8%ñ2% increased Potential for

ñContinuemonitoring. riskof lifetimefatal increased

ñUpdate survey. cancer. morbidityofother

ñContinuedosecontrolmeasures. injuriesor

ñExecutecritical tasksonly incidentaldisease.

(see note 4).
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Table 5-1.  Low-Level Radiation Guidance for Military Operations (Continued)

TOTAL CUMULATIVE RADIATION RECOMMENDED STOCHASTIC MEDICAL

DOSE (SEE EXPOSURE STATE ACTIONS RISK NOTES

NOTES 1 AND 2) CATEGORY

25-75 cGy 1E ñRecord individualdosereadings. 2%ñ6% increased Increased

ñContinue monitoring. risk of lifetime fatal morbidity of other

ñUpdate survey. cancer. injuries or

ñContinuedosecontrolmeasures. incidental

ñExecutecritical tasksonly disease.

(seenote4).

NOTES:

1. Theuseof themeasurementmultipleofSv ispreferred inallcases However,due to thefact thatnormally themilitaryhasonly

the capability to measure cGy, as long as the ability to measure in mSv is not possible, NATO forces will use cGy. For whole

body irradiation,1cGy=1cSv.

2. All doses should be keptALARA. Thiswill reduce individual soldier risk aswell as retainmaximum operational flexibility for

futureemploymentofexposedsoldiers.

3. Examplesofpriority tasksare thosemissions toavertdanger topersonsor topreventdamage fromspreading.

4. Examplesofcritical tasksare thosemissions required tosave lives.

Section II.  DELAYED/LATE HEALTH EFFECTS

5-3. General

Delayedhealtheffectsmayappearmonthstoyearsafterirradiationandincludeawidevarietyofeffects
involvingalmostalltissuesororgans.Someofthepossibledelayedconsequencesofradiationinjuryare
carcinogenesis,cataractformation,chronicradiodermatitis,anddecreasedfertility.However,itshouldbe
emphasizedthatmanyvictimsofexposuretoradiationdonotmanifestlatetermeffects.TheHiroshima,
Nagasaki,andRussianexperienceshavenotshownanygeneticeffectsinhumans.Atthelowerlevelsof
exposure(backgroundlevelsto75cGy),theriskofeffectssuchascancerandgeneticeffectstendstobe
stochasticinnature,relatingmoretoastochasticresponseinexposedpopulationsthantoexposedindividuals.
Health risks incurred tend to be long-term in nature, and not immediate, therefore lacking significant
operationalimpact.Theserisksmay,however,manifestthemselvesasasignificantdiseaselongafterthe
completionofthemilitaryoperation.

5-4. Principles

Inrelationtoassociatedlong-termhealthrisks,severalprinciplesneedtobereviewed.Forpurposesof
radiation protection, it is assumed that the risk of stochastic health effects is proportional to the dose
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received.  In addition,biological factors relative to the irradiated individual shouldbe considered; for
example,ageandsexoftheindividual,healthstatus,andtheindividualísgeneticmakeup.Inadditiontothe
totaldosefactor,radiologicalparametersthatfactorintolong-termhealthrisksincludeó

ï Exposurerateandqualityoftheradiation.

ï Locationofthesource(externalversusinternal).

ï Nature of exposure (continuous versus fractionated versus protracted; prompt external
exposureversuschronicdosing).

ï Timeafterexposureandrequisiterepair timesandlatencytimesrequiredforpathologiesto
manifest.

5-5. Types of Long-Term Effects

a. Deterministiceffectsarethose thatrequireacertainthresholddosetobeexceededbeforethe
effectisobserved,andforwhichtheseverityoftheeffectisproportionaltodose.Theyincludebothacute
anddelayedeffects.Whileindividualvariationswilloccurduetoindividualsensitivity,theseverityofthe
effectisstilldirectlydoserelated.Tissuefibrosis,chronicimmunesystemsuppression,reproductivetissue
dysfunction,andselectedocularproblemsaresomeofthemorecommonandserioussymptomsofthelate-
arisingdeterministicpathologies. Formationofocular cataracts is themost commondelayed radiation
injury.Higherdosestendtoincreasethedegreeofopacityandshortentheperiodoflatency.Immune
systemdefectsoccuratdosesof50cGyandlarger.

b. A stochasticeffect isaconsequencebasedon statisticalprobability. For radiation, tumor
inductionisthemostimportantlong-termsequelaeforadoseoflessthan100cGy.Mostofthedatautilized
toconstructriskestimatesaretakenfromradiationdosesgreaterthan100cGy,andthenextrapolateddown
forlow-doseprobabilityestimates.Thereisnosubstantiveepidemiologicaldatathatdemonstratesstochastic
healtheffectsforwholebodydoseslessthan10cGy.Subsequently,thereisconsiderablescientificdebate
ontheactualdose-responserelationshipforlow-levelexposures.

5-6. Embryonic and Fetal Effects

Radiation-inducedembryonic/fetaleffectshavebeenclearlydocumentedbytheincreasedmentalretardation
in Japanese children irradiated in utero as result of the nuclear bomb detonations overHiroshima and
Nagasaki.  The directmilitary relevance of these fetal effects (as well as related ones, including
microcephaly,microphthalmia,reducedgrowth,skeletaldefects,neoplasias,andcataracts)isquestionable.
Further,theembryonicresponsesappeartohaveabroadexposurethresholdforinduction,withsignificant
responsesbeingnotedonlyatdosesgreaterthan15cGy.Thecurrentnormalincidencerateofoccurrence
ofcongenitalabnormalitiesis3to5percentoflivebirths.Noincreaseinthisratehaseverbeenobserved
amongradiationexposedhumans.
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5-7. Reproductive Cell Kinetics and Sterility

a. Despitethehighdegreeofradiosensitivityofsomestagesofgermcelldevelopment,thetestes
andovariesareonlytransientlyaffectedbysinglesublethaldosesofwholebodyirradiationandgenerallygoonto
recovernormalfunction.Temporarymalesterilityduetodamagetospermatogoniawilloccurafter15cGyof
localorwholebodyirradiation.Asthisisamaturationdepletionprocess,theazoospermiawillnotoccuruntiltwo
monthsafterirradiation.Protractedradiationexposurewillcauseamoreprolongedepisodeofazoospermia.
Serumlevelsoftestosteronewillbeunaffected.Femalereproductivetissuesappearmoreresistant.

b. Whenchromosomeaberrationsareproduced insomaticcells, the injury isrestricted to the
specifictissueorcellsystem.However,whenaberrationsoccuringermcells,theeffectsmaybereflected
insubsequentgenerations.Mostfrequently,thestemcellsofthegermcelllinedonotdevelopintomature
spermcellsorova,andnoabnormalitiesaretransmitted.Iftheabnormalitiesarenotsevereenoughtoprevent
fertilization,thedevelopingembryoswillnotbeviableinmostinstances.Onlywhenthechromosomedamage
isveryslightandthereisnoactuallossofgeneticmaterialwilltheoffspringbeviableandabnormalitiesbe
transferabletosucceedinggenerations.Thesepointmutationsbecomeimportantatlowradiationdoselevels.
Inanypopulationofcells,spontaneouspointmutationsoccurnaturally.Radiationincreases therateofthese
mutationsandthusincreasestheabnormalgeneticcontentoffuturecellulargenerations.

5-8. Carcinogenesis

Irradiationofalmostanypartofthebodyincreasestheprobabilityofcancer.Thetypeformeddependson
suchfactorsasareairradiated,radiationdose,age,andotherdemographicfactors.Irradiationmayeither
increase theabsolute incidenceofcanceroraccelerate the timeoronsetofcancerappearance,orboth.
Thereisalatentperiodbetweentheexposureandtheclinicalappearanceofthecancer.Inthecaseofthe
variousradiation-inducedcancersseeninman,thelatencyperiodmaybeseveralyears.Latentperiodsfor
inductionofskincancersinmanhaverangedfrom10to50yearsaftertherapeuticx-rayexposures,toa
reported15years forbone tumorsafter radiumexposure. This latency related tobone tumors isvery
dependentuponthedoseandtypeofradiationemittedbytheradionuclide.

a. A leukemogeniceffectwasexpectedand foundamongHiroshimaandNagasakisurvivors.
Thepeakincidenceoccurred6yearsafterexposureandwaslessmarkedforchronicgranulocyticleukemia
than for acute leukemia.  Britishmen receiving radiotherapy for spondylitis showed a dose response
relationship for leukemia,withpeak incidenceoccurring5yearsafter the firstexposure. Studieshave
demonstratedthationizingradiationcaninducemorethanonekindofleukemiainman,butnotchronic
lymphocyticleukemia.

b. Itisdifficulttoaddresstheradiation-inducedcancerriskofanindividualpatientduetothe
alreadyhighbackgroundriskofdevelopingcanceroveralifetime.CurrentNationalAcademyofSciences
reportsestimatethatthelifetimeriskoffatalcanceroccurrenceisincreasedby770casesper100,000persons/10
cGyformalesand810casesper100,000persons/10cGyforfemales.Toillustratethiseffect, theUS
backgroundlifetimefatalcancerincidencerateis20,000casesper100,000persons.Therefore,ifamixed
groupof100,000peoplereceive10cGysingledoseirradiation,insteadof20,000cancers,approximately
20,800fatalcancerswouldoccur.Decidingwhich800of these20,800caseswereradiation-induced is



5-6

FM 4-02.283/NTRP 4-02.21/AFMAN 44-161(I)/MCRP 4-11.1B

impossible.Nationalcancerincidenceratesvaryasdothe correspondingriskestimates,andaccountshould
betakenofthesevariables.

c. Themore importantradiobiologicalconditions thatfactor intocancer induction(orfor that
matteranyofthesomaticeffects)includethoseparameterspreviouslymentioned,namelydose,dose-rate,
andradiationquality.Cancerisnotasingledisease,butacomplexofdiseasescomprisedofbothcancersof
theblood(leukemias),andcancersofsolidtissuesofbothepithelialandmesothelialorigins.Theradiogenic
nature of these specific cancers differs substantially.  Bone tumors (osteosarcomas) serve as a good
example,astheyareprominentlatearisingpathologiesassociatedwithinternallydeposited,bone-seeking
radionuclidessuchasStrontium-90.However,bonetumorsarerarelyassociatedwiththecancersthatstem
fromexposuretoexternalradiationsourcessuchasCobalt-60.

d. Cancertypesthatareunequivocallyinduciblebyionizingradiationarethelymphohematopoietic
cancers,cancersofthelung,mammarytissues,liver,thyroid,colon,stomach,pancreas,salivaryglands,
andkidneys.Cancerswitheitheralowincidenceoralowprobabilityofinductionincludecancersofthe
larynx,nasalsinuses,parathyroid,nervous tissue,andconnective tissue.Cancers thatareprobablynot
inducible include the chronic lymphocyte leukemias and cancers of the uterus, cervix, prostate, testis,
mesentery,andmesothelium. Thenominalrisksforradiation inducedcancersandfatalcancersfor the
generalpopulationaregiveninTable5-2.TheinformationpresentedisanInternationalCouncilonRadiation
Protection(ICRP)summaryofrisksaspresentedinthereferencemanualfortheOakRidgeInstitutefor
ScienceandEducationcourseonMedicalPlanningandCareinRadiationAccidents.Notethatthesevalues
shouldnotbeusedtointerpretindividualrisks,whicharedependentonnumerousfactorssuchasage,sex,
heredityandenvironment.

Table 5-2.  International Council on Radiation Protection Summary of Risks per Milligray

EFFECT RISK PER MILLIGRAY

Hereditary 10 x 10-6 (all generations)

Cancer Fatal Probability

Leukemia (activemarrow) 5x10-6

Skin 0.2 x 10-6

Breast (females only) 4 x 10-6

Stomach 11x10-6

Sumof fatalcancer risk forwhole 50x10-6 (1in20,000)

bodyirradiation(malesandfemales)

Baselinecancermortality 0.15(1in6.7)to0.25(1in4)

5-9. Cataract Formation

Alateeffectofeyeirradiationiscataractformation.Itmaybeginanywherefrom6monthstoseveralyears
afterexposure.Whilealltypesofionizingradiationmayinducecataractformation,neutronirradiationis
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especiallyeffectiveinitsformation,evenatrelativelylowdoses.Cataractformationbeginsattheposterior
poleofthelensandcontinuesuntiltheentirelenshasbeenaffected.Growthoftheopacitymaystopatany
point.Therateofgrowthandthedegreeofopacityaredependentuponthedoseaswellasthetypeof
radiation.AccordingtoBEIRV,Health Effects of Exposure to Low Levels of Ionizing Radiation, cataract
formation has been observed in atomic bomb survivors from exposures estimated at 60 to 150 cGy.
However,thethresholdinpersonstreatedwithx-raystotheeyerangefromabout200cGyforasingle
exposuretomorethan500cGyformultipleexposuresoveraperiodofweeks.A50percentcataractrisk
hasbeenestimatedatacutedosesofapproximately300cGy.ThisestimateassumesalowLETexposure,
andithasbeenrecentlysuggestedthatwithhighLETparticleirradiation,theinitiatingcataractogenicdose
mightbeconsiderablylower,wellwithin70cGy.

Section III.  PREVENTION, INITIAL ACTIONS
AND MEDICAL CARE AND FOLLOW-UP

5-10. Prevention

Militaryoperationsmayrequirethatregulationsgoverningoccupationalexposurebeexceeded.However,
all exposure to radiationmust be justified by necessity and subjected to controls thatmaintain doses
ALARA. There are severalmeasures commanders and units can take to prevent or reduce radiation
exposure. For example, the commander may establish individual protective clothing measures, such as
specifyingmission-oriented protective posture (MOPP) levels. For a detailed discussion of protective
measures, see FM 3-4, NBC Protection,which is under revision as amultiservicemanual. Medical
personnelcontributetothepreventioneffortbyprovidinginputintothefollowingstaffactions:

ï Ariskassessmentthatincludesanalysisofintelligenceinformationontheareaofoperations.
This analysis should provide information on civil nuclear facilities, industrial radioactive sources, and
medicalradioactivesourcespresentintheareaofoperations.

ï Developmentofcontingencyplansthatdealwiththemostlikelyrisks.Theseplansshould
identifythepotentialrisks,possibleincidentscenarios,andmedicalresponseactions.Theplanshouldalso
specifydoselimitsandidentifyRADIACequipmentavailable.

ï When thepossibilityofexposureexists,equipdeploying forceswithdosimetersandother
radiationdetectiondevices.Withinequipmentconstraints,equipasmanyindividualsaspossible.Priority
willgotounitswhichhavethegreatestriskofexposure.Ensurethatmedicalfacilitiesconductradiation
detectionaspartofinitialpatientmedicalsurvey/entryprocedures.

ï Establishmentofhazardavoidancemeasures includingcontroland restrictionofentry into
nuclearinstallationsandradioactiveareas,ensuringpersonneldonottamperwithradiologicalcontainers,
andclearanceofsuspectedradioactivewastedumps.
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5-11. Initial Actions

Ifpersonnelencounteraradiologicalhazard,initialactionsmayincludeevacuationfromthearea,callingin
theproperNBCreports, informing the localcivilauthorities,andrequestingspecializedmonitoringand
surveyteams.Atthistime,medicalpersonnelwillprovideinputintostaffestimatesandplansthatwill
establish controlmeasures to contain the LLR hazard.  Thiswould include advice onmodifying the
commanderís OEG and adherence to established guidance.  Themedical staffmust also advise the
commanderonthemonitoringanddoserecordingofthoseindividuals,whoforoperationalreasons,must
remainwithinthehazardarea.

5-12. Medical Care

Medicalcarefollowingexposuretolow-levelradiationinvolvesthediagnosisandmanagementofboththe
earlyanddelayeddeterministiceventsfromdosesabovethresholdlevels(bonemarrowdepression,skin
injuries),andthemanagementofstochasticeffects,primarilynonspecifictumorsandleukemiathatmay
becomeclinicallyevidentyearsafterexposuretoradiation.Withinthelow-leveldoserange(5to75cGy),
thegreatestrisk is theappearanceofstochasticeffects, that is, theappearanceofbenignandmalignant
tumorsandleukemiayearsaftertheevent.However,becauseoftheuncertaintyofthedosethatmaybe
receivedduringcertainsituations,deterministiceffectsmayappearwithinmonthsofcertaintypesofacute
exposures.

a. Early and Delayed Deterministic Effects.Itisunlikelythatsymptomsofdeterministiceffects
will appearduetoacutewholeorpartialbodyradiationdosesoflessthan100cGy.Earlyevidenceofacute
radiation-inducedcellularinjury,forexample,structuralchangesinthechromosomesofsomecirculating
lymphocytes,andfallsintheabsolutelymphocyteandspermcounts,is,however,clinicallydetectablein
asymptomaticindividualswhohavereceivedlowerdoses.9

b. Stochastic Effects.  The primary stochastic late effect of exposure to radiation is the
developmentofradiation-inducedtumorsandleukemia(seeparagraph5-8).Radiation-inducedorradiogenic
tumors are histologically and clinically indistinguishable from spontaneously occurring tumors. Their
diagnosis, treatment,andmanagementare thesameas those forspontaneouslyoccurringcancersof the
same type.10

5-13. Medical Follow-Up

Thelow-leveldoserange(5to75cGy)isunlikelytocausedelayedacuteorchronicdeterministiceffects.
Therefore,thisparagraphwilladdressmedicalfollow-upactionsinvolvedwiththemainlong-termeffectof
radiationexposureómalignantdisease.11

9. Potential Radiation Exposure in Military Operations, Protecting the Soldier Before, During, and After (National Academy of Sciences, 1999).

10. Ibid.

11. Ibid.
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a. Medical Assessment.  Medicalassessmentistheevaluationofthebasicparametersofgeneral
andradiologicalhealthstatusafteraknownorsuspectedexposuretoradiationorradioactivecontamination.
Suchanevaluationmaybepromptedbythedevelopmentofnonspecificsymptoms,trauma,oranobserved
degradationofindividualperformanceduringorafteramilitaryoperationconductedinanareaofknownor
suspectedradiationorradioactivecontaminants.Personnelarenot likely todevelopsymptomsofacute
radiation exposure at the low-level dose range; however,medical assessment is recommended after
personnelexitradiologicallyhazardousareas.Thepurposeoftheassessmentofasymptomaticindividuals
inthesesituationsistoó

ï Ruleoutthatpersonnelwereexposedtohigherthanexpecteddoses.

ï Obtainbaselineclinicaldatatoassistinestimatingtheindividualísradiationdose.

ï Establishabasisforrecommendationsregardingtheindividualísneedformedicalcare,
periodicmonitoring,orspecifictesting.

b. Medical Monitoring.

(1) Medicalmonitoringisasystematicscreeningofapopulationofasymptomaticindividuals
for preclinical diseasewith the purpose of preventing or delaying the development and progression of
chronicdiseaseinthoseindividuals.However,medicalmonitoringafterradiationexposureisnotroutinely
suggestedorpracticedforindividualswithknownorsuspectedexposuresto radiation.Anexposureora
presumedexposuretoradiationisnot,byitself,sufficienttojustifyamedicalmonitoringprogram.The
decisionaboutwhetheramedicalmonitoringprogram isappropriateandnecessary inagivensituation
shouldbebasedontheconsiderationofanumberoffactorsincludingarigorouscost-benefitanalysis.This
analysisshouldtakeintoaccountthefollowingconsiderations:

ï Thecertainty,type,intensity,anddurationofthedoseconcerned.

ï Thehistoryandpopulationprevalenceofthediseaseconcerned.

ï Theeffectiveness,sensitivity,specificity,andpotentialhazardoussideeffectsof
availablescreening tests.

ï Iftestresultsarepositive,theavailability,benefits,andrisksoftreatmentprotocols.

(2) Thelatentperiodbetweenradiationexposureandthedevelopmentofaclinicallydetectable
tumororleukemiamayhaveaneffectonthedesignofascreeningprogram.FortheUSArmedForces,
personnelareusuallybetween20and40yearsofagewhentheyareexposed,andmostradiation-induced
tumorswouldbeexpectedtobecomeclinicallyevidentwhentheyareolderthan40,andinmostcases,older
than50.Sincemostcancersoccurspontaneouslyatolderages(olderthan50years)withoutexposureto
radiation,fewtestshaveshowntobeofbenefitintermsofimprovingeithersurvivabilityorqualityoflife.
Tests that have been recommended include the pap smear, prostate-specific antigen tests, and
mammography.Sincetheriskofcancerinnonexposedpopulationsishighoveranormallifetime,therisk
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ofradiation-inducedtumorsduetoexposuretolow-levelradiationwouldalwaysbefarlessthantheriskof
normalspontaneousincidence.

(3) The InstituteofMedicine in their committee report:Potential Radiation Exposure in
Military Operations(1999),recommendstheestablishmentofregistriesfortrackingindividualswhohave
receivedcumulativeeffectivedosesinexcessof5cGy.Thisactionmaybehelpfulinaddressingfollow-on
healthrelatedissues.Thecommitteealsorecommendsthatannually,andupondemobilizationordischarge,
potentiallyexposedmilitarypersonnelshouldbegivenawrittenrecordof theirradiationexposurewith
estimateddoses(annualandcumulative),evenifthedosesarezero.

5-14. Documentation of Radiation Exposure Records

a. TheOEGconceptrequiresthatallunitsmaintainradiationexposurerecords.Currently,US
Armyrecordsarebasedonplatoon-leveldatareceiveddaily,orafteramissioninaradiologicalcontaminated
area.Theunitdoseisanaverageofthedosestoindividualsintheunitwhohavedosimeters,usuallytwoper
squadintheUSArmy.Therefore,theUSArmyassumesthateachsoldierreceivesanindividualdoseequal
tothatoftheaveragefortheplatoon.Therecordsareusuallykeptbytheunitchemicalofficeratbattalion
level.Whenasoldiertransfersoutofanexposedunit,theRESforthatplatoonisnotedinthesoldierís
personnelfile.Whenpossible,soldiersarereassignedtoplatoonswiththesameREScategory.Although
thismight create personnel strengthmanagement problems, it is intended to prevent personnel from
incapacitation due to overexposure to radiation in future operations. The other services have service
specificrequirementstomaintainradiationdoserecords.Individualdosimetryshouldberequestedifthe
situationwarrants,sinceindividualdosimetrycangreatlyassistwithpatientassessmentandmanagement.

b. InanLLRenvironment,STANAG2473,Commanders Guide on Low Level Radiation (LLR)
Exposure in Military Operations,notonly reinforces the requirement tomaintaindose records, it also
stipulates that ìcommanderswill need to be aware of individual dose historieswhen planning future
operationsatriskofLLRexposure.îClearly,theintentistoequipallservicemembersintheunitwith
appropriatedosimetersiftheunitanticipatesconductingoperationsinaradiologicallyhazardousarea.The
NATONBCMedicalWorkingGroupiscurrentlydevelopingSTANAG2474,Low-Level Radiation Dose
Recordinginordertoclarifyrecord-keepingrequirements.
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CHAPTER 6

PSYCHOLOGICAL EFFECTS AND TREATMENT

OF PSYCHOLOGICAL CASUALTIES

6-1. General

Inanuclearwarscenario,psychologicalcasualtieswouldseemtobeinsignificantcomparedtothecasualties
from physical trauma, but they can dramatically alter the outcome of a battle. The neuropsychiatric
casualtiesofWorldWar IIwerethelargestsinglecauseoflostmilitarystrengthinthatwar.TheArab-
IsraeliYomKippurWarof1973 lastedonly3weeks,butpsychiatriccasualtieswere23percentofall
nonfatalcasualties.Complicatingmattersfurther,psychologicalstresscanmimictheearlysymptomsand
signsofacuteradiationinjury.Gastrointestinalsymptoms(nausea,vomitinganddiarrhea),fatigue,and
headacheswerefrequentlyseensymptomsduringepisodesofbattle fatigueinWorldWarII.InRDDor
nuclearincidentscenarios,psychologicalstressisalsoafactor.Evenifneuropsychiatrictraumadoesnot
produce a casualty, it can degrade the performance of normal duties. Slightly altered reaction times,
attention,ormotivationhave importantconsequencesacross theentire spectrumofmilitaryoperations.
Regardlessofthesituation,itmustbeemphasizedthatthemostextremepsychologicaldamageoccurswhen
physiological symptoms fromanunknown toxicexposurebecomemanifest. Significantdegradation in
performancemayoccurasmilitarypersonnelbecomeconcernedaboutthematerialtheywereexposedto,
thedose,andthelong-termeffectsofthatexposure.

6-2. Radiation Dispersal Devices and Nuclear Incidents

AlthoughRDDsandnuclearincidentslackthedestructivepowerofanucleardetonation,thepsychological
impactof theseeventsmight impedemilitaryoperationsbydenyingkey terrainor installationsandby
degradingunitmoraleandcohesiveness.Ifanincidentoccursinaciviliansetting,psychologicalstressis
expectedtoincrease.Materialinthisparagraphisanestimateoftheproblemslikelytobeencountered,
sinceanRDD hasnotyetbeenemployedagainstUSforcesorcivilians,andapproximately35yearshave
passedsinceUSforceshavedealtwithamajornuclearincident(Palomares,Spain).

a. Psychological Effects of RDDs and Nuclear Incidents. The use of anRDD or a nuclear
incidentwouldbeexpectedtoproduceacuteanxietyeffects,includingpsychosomaticeffectssuchasnausea
andvomiting.Symptomsofacuteradiationsicknessinjustafewpersonnelmighttriggeranoutbreakof
similar symptoms in theunit and/or in the civilianpopulace. Emergencypersonnel responding to the
incidentmayhaveafalseperceptionofthethreatthathaslittleconnectiontotheactualphysicalhazard
present.Experiencefromindustrialaccidentsshowsthatbothrealandimaginedillnessesmaybeattributed
toradiationexposure.TheseverityofthepsychologicaleffectsofanRDDoranuclearincidentwilldepend
onthenatureof,andtheextentofthephysicaleffects.Malicioususeofasealedsourceofradioactivityleft
inanareaofpersonneltrafficwouldposeonlyanexternalradiationhazard,whichdependingonthedose
received,may lead toacuteradiological injury. Similarly,anRDD thatdistributesradioactivematerial
usingpassivemeanswouldlikelygenerateacontaminationhazardwithlittle,ifanyacutephysicalinjury.
However,blastinjuries,inadditiontoradiationeffects,maybecausedbyanRDDthatusesaconventional
explosion,orifthehighexplosivecomponentofanuclearweapondetonates.Thegreaterthenumberof
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casualtiesfromtheblastandagenerallymorechaoticsituationwillintensifythelevelofstressonmilitary
personnelandlikelyproducemorepsychologicalcasualties.

b. Incidence. Exposure, or perceived exposure to radiation can be expected to increase the
number of psychological stress casualties. The number of casualtieswill also depend on the level of
leadership,cohesiveness,andmoraleintheunit.Long-termchronicpsychologicalstresspatternscouldbe
expected toarisefrom theuncertaintyabout theeffectsofexposure toradiation. Someof thepotential
effects includephobias,depression,andpost traumatic stressdisorder. AnRDDoranuclear incident
withinacivilianpopulationcentermayproducemoredetrimentalpsychologicaleffectstomilitarypersonnel
thanifitoccurredinastrictlymilitaryoperationsarea.Recently,themilitaryhasseenincreasedstability
and support operations,where closer relationshipsmay exist between civilians andmilitary personnel.
Requests for treatment of civilian casualties, especiallywomen and children, after an incidentmight
markedlyincreasethepsychologicalimpactonmilitarypersonnel.Acivilianmasscasualtysituationcould
severelyoverloademergencymedicaloperationsand increasedistress inmilitarypersonnel. Behaviors
suchasaltruism,heroism,andloyaltytocomradestypicallyseeninunitswithexceptionalesprit de corps,
mayalleviatesomeofthepsychologicalstress.

6-3. Nuclear Detonation

Personnelwitnessinganucleardetonationarelikelytosuffersensoryoverloadaswellasthefearofinjury
ordeath.Dependingupontheyieldoftheweaponandthedistance,theservicemembermayseeabrilliant
flashthattemporarilyblindshim,hearadeafeningexplosionatincredibledecibels,sufferthermalinjury,
feel theshockofblastwinds,and thenexperience thegroundquakingbeneathhisfeet.Atnight,flash
blindnesscouldaffectpersonnelmilesbeyondtherangeofanyotheracuteeffects.Somepersonnelmay
haveimmediateadversepsychologicalreactions,evenintheabsenceofactualphysicalinjury.

a. Contrarytomediaportrayalsofdisasters,masspanicisrareindisastersituations.Itseemsto
occurprimarilyinsituationswheretherearelimitedavenuesofescapeandpossibleentrapment,suchas
minefiresorminecollapses,sinkingships,orfiresincrowdedareaswhereexitroutesarelimited.The
most frequentpsychologicaleffectafterdisasters isa temporaryemotionaldisruptionwherepeopleare
stunnedordazed.Thistransientresponsemaylastminutestodays.Typically,suchindividualswillbeable
torespondtostrongleadershipanddirection.Anotherpsychologicalresponseistobecomemoreefficientin
thefaceofdanger;thisismorelikelyinwell-trainedunitswithhighmorale.Athirdtypeofresponsewould
bethatofapsychologicalcasualty,wherethetransientemotionaldisruptioniscontinuedandmoresevere.
Reactions include stunned,mute behavior, tearful helplessness, apathy, inappropriate activity, and
preoccupationwithsomaticsymptoms(oftenofemotionalorigin).

b. Somaticeffectssuchasnausea,vomiting,diarrhea,andafeelingofweaknessorfatiguewould
be likely tooccur. These individualsmayexhibithelpless,aimless,ordisorganizedbehaviors.  In the
aftermathoftheHiroshimaandNagasakibombings,somepeoplewerestunnedintomeaningless,repetitive
behaviorswithnoobviousgoalorientationorsurvivalvalue.Somewandereduselesslyinthedebris,withno
conscious effort to either escapeor aidothers. Manywithdrew into an apathy approaching catatonia,
apparentlyshuttingthemselvesofffromtheoutsideworld.
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6-4. Fallout Field

Themoststressfuleffectsofafalloutfieldorcontaminatedareaarelikelytobetheuncertaintiesofthe
levelsofradiationpresent, lackofdefinedboundariesof thearea,and theperceivedacuteandchronic
effectsofradiation.Achroniclevelofhighstresswillalsoexistwhenmonitoringanareaforradiation
hazards.Stressinthissituationresemblesthatoftroopsclearinganareaofminesorpatrollingabooby-
trappedarea.Militarypersonnelmaynotknowtheirindividualexposuresinceonlyunitdosimetrymaybe
available.Theymayfearthattheyaregettingamuchlargerdosethandeemedwise,especiallyifthereis
alackoftrustintheleadership.Stresslevelscanbedecreasedwithpositiveidentificationthatdefinesthe
contaminationfieldandwithpropertrainingofmilitarypersonnelastotheactualhazardsandtheireffects.

6-5. Psychosocial Sequelae of Radiation Exposure

a. Psychosocial Sequelae.Evenintheabsenceofactualexposure,fearthatonehasbeenexposed
to radiationmay cause psychosocial sequelae.  Since fear and anxiety are stressors, the personmay
experiencepsychosomaticsymptoms,someofwhichmaymimicearlyARSsymptoms.Forexample,in
theaccidentatThreeMileIslandin1979,surveysofthesurroundingpopulationfoundanincreaseinsuch
psychosomatic symptoms as nausea, anorexia, and skin rashes, even though there was no detectable
radiation exposure inmost of these areas.  At Goi‚nia, Brazil, after scavengers opened amedical
radiotherapydevicecontainingradiocesium,approximately5,000ofthefirst60,000persons(8percent)to
be screened for radioactivecontamination showed symptomsofacute stressorallergies suchasa rash
around the neck and upper body, vomiting, and diarrhea. However, none of these individualswere
contaminated.Thus,theperceptionsandpreconceptionsaboutradiationmaybejustasimportantasthe
radiationitselfintermsofsubsequentpathology.

b. Psychological Factors at Chernobyl.

(1) Manyoftherecoveryteammembers,liquidators,calledintohelpwiththe cleanupofthe
reactoratChernobylweremilitarypersonnel.AstudyofEstonianliquidatorsfoundnoincreasesincancer,
leukemia,oroverallmortality,buttheydidfindanincreaseinsuicide.AstudyofLatvianliquidatorsfound
thatalmosthalfhadpsychosomaticdisorders.Thefearofradiationintheliquidatorswasprobablyenhanced
bytheirlackofknowledge,themisinformationpublishedinthemedia,andadistrustoftheRedArmyís
recordoftheradiationdoses.Anepidemicofvegetative dystoniaoccurredinliquidatorsandpeoplefrom
thecontaminatedareas.Thesymptomsofvegetativedystoniaresemblethemedicallyunexplainedphysical
symptoms (MUPS) seen inAgentOrangeSyndrome andGulfWar Illness, aswell asneurocirculatory
astheniaoreffort syndromethatwasprevalentduringandafterbothWorldWars.Thevegetativedystonia
wasmoreprevalentinliquidatorswhosufferedacuteradiationsickness,butwasalsoseeninotherswho
sufferednoacuteeffects.

(2) Many peoplelivingupwindofChernobylandhundredsofmilesawayreceiveddetectable
dosesofradiationequivalentto,orlessthanadoublingofthenormalbackgroundradiationlevel.Some
peoplebecamesoafraidofthefalloutthattheirwholelivesbegantorevolvearoundavoidance.Whenever
possible, they refused to go outside or eat locally grown produce.  Some sank into deep despair and
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committed suicide rather than riskwhat they believedwould be the inevitable and horrible effects of
radiation.Suchseverereactionswerereferredtoasradiophobiabythemedia.However,thosewithsocial
supportwerebetterabletohandletheincreasedpsychologicalstress.

6-6. Treatment

a. Thetreatmentofpsychologicalstressresultingfromactualorperceivedexposuretoradiation
is the same as that forbattle fatigue. Theprinciplesofproximity, immediacy, expectancy, simplicity
(PIES)arethecornerstonesoftreatmentó

ï Proximitymeanstotreatthepsychologicalcasualtyascloseaspossibletotheunitandthe
areafromwhichhecame,soastopreventevacuatingacasualtytoadistantmedicalfacility.

ï Immediacyreferstoinitiatingtreatmentassoonaspossibletopreventthestrengthening
ofmaladaptivehabitsandtheself-perceptionofillnessordisability.

ï Expectancymeansthatmedicalpersonnelshouldconveythepositiveexpectationthatthe
casualtywillfullyrecoverandbeabletoreturntodutyafterashortbreakfromtheoperation.

ï Simplicity refers to the use of simple, brief, and straightforwardmethods to restore
physicalwellbeingandself-confidence.

b. Generally,treatmentmodalitiesconsistofthefollowingó

(1) Reassuranceandsuggestionthatthesituationwillimprove.Psychologicalcasualtiesare
suggestibleearlyintheirdisruptivephaseandsimplereassuranceusingapositive,directapproachisusually
successful.Theindividualshouldbemadetofeelthatheorshehasanexcellentchanceofrecovery,which
istrueinmostcases.

(2) Restwithremovalfromimmediatedanger.Ashortperiodofrestinasafeareaisof
greatbenefit.

(3) Eliminationofnegativeemotionsbyexpressionofthoseemotions(catharsis).Retention
offearandanxietybythemoreseverelyincapacitatedfrequentlyblockseffectivecommunication.When
thepatientexpresseshisorherfeelings,thistendstoremovetheblock.Thiscommunicationisessential
beforetheindividualcanrecoverenoughtorejointheactivitiesofhisorhergrouporunit.

c. Sedatives or tranquilizers should be avoided unless they are essential tomanage sleep or
agitatedbehavior.Stresscasualtiesshouldonlybeevacuatedtothenexthigherecheloniftheirsymptoms
makethemtoodisruptivetomanageatagivenechelon.Similarly,hospitalizationshouldbeavoidedunless
absolutelynecessary,andthoserequiringhospitalizationshouldbetransferredtoanon-hospitaltreatment
settingassoonastheirconditionpermits.
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6-7. Prevention and Risk Communication

a. Prevention.Prevention,whenpossible,isalwayspreferredtotreatment.Priortodeployment
toanareawherenuclearandradiologicalhazardsarepresent,medicalpersonnelcanimplementprograms
onbehalfofthelinecommandersthatinstructtheirunitsaboutradiationanditseffects.Ingeneral,troops
whoarepsychologicallypreparedforspecificstressesarebetterabletoendurethemandwillsufferfewer
and lesssevereadversereactions. Thissameprinciple iswidelyused inpreparing troops tocopewith
MOPPgear, chemical agent exposure, andother adverse environments. Postexposure trainingwillbe
muchlesseffective.Lackofinformationaboutthephysicalhazardsofradiationincreasestheincidenceof
fearandanxietyintroopsregardlessoftheactualphysicalhazard.UnitsshouldhaveoperationalRADIAC
equipmentanddosimeters.Normally,onlyunitdosimetryreadingsarepossible.Dosimetersshouldbe
issued to each individual in accordance with the commanderís priorities and equipment availability
constraints.  Individualdose informationcan thereforebeprovided toalleviate fearsof receiving large
doses.Infalloutfields,combatstressisreducedbypositivelyidentifyingandassessingtheradiationfield,
itsboundaries,theexposurelevelsandtherisksassociatedwithcontinuedexposure.Primaryandbackup
personnelshouldbefullytrainedinproperequipmentoperationandinproperNBCreportingprocedures
and formats.

b. Risk Communication.

(1) Toeffectivelycommunicaterisks,thetrainingshouldbetailoredinlaymanísterms,it
shouldberealisticandaccurate,anditshouldhighlightpractical(nottheoretical)measuresonself-protection.
Specifictraininginradiationeffects,radiationprotection,radiationriskcommunicationandpsychological
casualtypreventionshouldbegiven.Theprinciplesofminimizingtime,increasingdistance,andincreasing
shieldingfromaradiationsourceshouldbeintroducedaswaysofdecreasingradiationexposure.Service
membersshouldgainanunderstandingthatexposuretonaturalsourcesofradiationiscontinuousthroughout
life.Normalbackgroundradiationlevels,medicalexposures,andexposuresfromexpectedmissionsshould
allbeput in contextwithone another. Questions about increased cancer risks frompotentialmission
exposuresshouldbeansweredwithrelation tonormalcancer incidencerates. Forfalloutfields, troops
shouldunderstandthatdecontaminationisthesimpleactofdustingoneselfoff(orchangingclothes)and
washingexposedskinareaswithsoapandwater.Inadditiontotrainingmilitaryunits,radiationtraining
mustalsobeprovidedtodeployingmentalhealthpersonnel.

(2) The credibility of leaders, and the trust onwhich that credibility is based,must be
maintained.Leadersmustkeeptroopsinformedonpossiblemissionexposures,realisticriskestimates,unit
dose information from RADIAC equipment, and other information that removes ambiguities and
uncertaintiesinanygivensituation.Leadersmustaddress,andnotdismiss,realconcerns.Leadersshould
knowtheOEGfortheirmission,theradiationexposurestate(RES)oftheirunit,andtherisksassociated
withtheirmission.Theyshouldhaveanunderstandingofacuteradiationexposurehazardsincomparison
withtheimmediatedangersofconventionalcombat.Theyshouldalsounderstandthepotentialforlong-term
healthriskswhen troopsreceiveradiationexposures.Leadersshouldalsobeknowledgeableonhow to
requestassistanceininterpretingrisksassociatedwithradiationexposuresorwithreadingsfromRADIAC
equipment.
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APPENDIX A

DEPLETED URANIUM

A-1. General

Depleteduraniumisneitheraweaponofmassdestructionnorachemicalorradiologicalhazard.Itisalso
notanuclearoraradiologicalweapon.ThehazardsassociatedwithDUarecomparabletoothermunitions.
Depleteduraniumisincludedinthismanualfortheconvenientaccessofinformationbymilitarymedical
personnel. Depleteduraniummunitions and armorplatingproved their effectivenessduringOperation
DesertStorm(ODS).Infact,DUarmorandmunitionsweresosuccessfulthatothernationsarenowusing,
ordevelopingDUmunitions and armorplating. Therefore, in any future conflict involving antiarmor
weaponssystemsusingkineticenergy(KE)ammunition,itislikelythattheenemywilluseDUmunitions
againstUSgroundforces.ThisappendixwilldiscussthecharacteristicsofDU,toxicityandhealthrisks,
andclinicaltreatmentofpersonnelwoundedbyDUmunitions.

A-2. Depleted Uranium Characteristics and Uses

Depleteduraniumisaheavy,silvery-whitemetalwhenfreshlymachined.Itisalittlesofterthansteel,
ductileandslightlyparamagnetic.Inair,DUbecomescoatedwithalayerofoxidethatgivesitadullblack
oryellow color. Chemically and toxicologically,DUhas the same characteristics asnaturaluranium.
NaturaluraniumispredominantlyUranium-238(U-238)byweight,butalsocontainsisotopesU-234and
U-235.Aspartofthenuclearfuelcycle,naturaluraniumisprocessedinenrichmentfacilitiestoobtain
uraniumwithahigherU-235content;thisiscalledenricheduranium.Theenricheduraniumisthenusedin
nuclearreactorsandnuclearweapons.Thewasteproductoftheenrichmentprocessisuraniumthathasa
lowercontentofU-235andisknownasDUbecauseitisdepletedofthehighactivityradioactiveisotope.
Therefore,itislessradioactivethannaturalorenricheduranium.TableA-1showsanisotopecomparison
betweenDUandnaturaluranium.Alpha,beta,andgammaradiationareemittedfromDU,butbecauseof
the longhalf-lifeofU-238, thespecificactivity isrelatively low. Forexample, toobtainonecurieof
radioactivityfromDUwouldrequireasinglepieceweighing6,615pounds.DUalsocontainstraceamounts
oftransuranics:Plutonium-238,239/240,Neptunium-237,Americium-241.Italsocontainstraceamounts
ofUranium-236andTechnetium-99.Theseamountsaresolowthattheydonotincreasethetoxicological
risk,andincreasetheradiationdosebymuchlessthanonepercent.

Table A-1.  Comparison Between Depleted Uranium and Natural Uranium

URANIUM ISOTOPE NATURAL URANIUM DEPLETED URANIUM

U-234 0.0057% 0.0005%

U-235 0.7204% 0.2500%

U-238 99.2739% 99.7495%

TOTAL 100% 100%
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a. Becauseofitshighdensityandstructuralproperties,DUisusefulforconventionalmunitions
andaspartofUStankarmor.Depleteduraniumarmoristhemosteffective armorforprotectionagainstall
typesofmunitions,includingKEmunitionsmadeoutoftungstencarbideandDU.TheAbramstankfamily
(M1,IPM1,M1A1,andM1A2)hasanimprovedhullarmorenvelopethatdoesnotcontainDU.However,
M1A1heavy armor (HA) andM1A2shave armormoduleson the existing left and right frontal turret
armor.TheDUinthesemodulesiscompletelyencapsulatedinsteel.Thefrontslopeoftheturretsofthese
tankshasaradioactivesignature;alittlelessthan0.005mSv/hour.

b. Depleteduraniumisalsousedoffensivelyinantiarmorammunition.Thecombinationofhigh
hardness,strength,anddensitymakesDUalloyswellsuitedforKEammunition.Anotherusefulproperty
ofDUisthatasitmovesthroughthearmoritmaintainsthesharpnessofthepenetrator,furtherenhancing
itspenetratingpower.(Thefactthattungstencarbideandothertypesoftungstenpenetratorsdonotsharpen
onimpactóbutinfactmushroomtoacertainextentóisonereasontheyarelesseffectiveforovercoming
armorplating.)CurrentUSweaponssystemsandtheirassociatedDUmunitionsareshowninTableA-2.
In general,DU ammunitionmay only be fired during combat and, similar to other types of service
ammunition, isnotfired inpeacetime training. DU isfiredonrangesfor testingandqualityassurance
purposesonrangeswhichhavebeenapprovedandlicensedbytheNuclearRegulatoryCommission(NRC).

Table A-2.  List of Depleted Uranium Munitions by Weapons System

TANK AMMUNITION TANK AMMUNITION BRADLEY FIGHTING A-10 HARRIER PHALANX

105 mm 120 mm 25 mm 30 mm 25 mm 20 mm

M774 M827 M1919 PGU-14/B PGU-20 MK-149

M833 M829 PGU-14A/B

M900 M829A1 PGU-14B/B

M829A2 PGU-14A/A

A-3. Depleted Uranium Toxicity

AlthoughDUisnotachemicalorradiologicalhazard,itcanpresentachemicaltoxicityhazardandperhaps
along-termradiologicalhealthriskundersomeconditionswhenitisintroducedinternallytothebody.Some
risksassociatedwithDUmunitionshavebeenevaluatedexperimentally,somerisksarestillunderstudy,
andsomeriskswereidentifiedfrompracticalexperienceduringODS.Depleteduraniuminternalizationvia
inhalationistheprimaryconcern.

a. Whenakineticenergypenetratorstrikesarmorplating,apyrophoriceffectoccurs.Thatis,a
veryfastmoving,denseheavymetalpenetratorstrikingsteelarmorwillproduceawhite-hotignition(flash)
at the point of penetration. This pyrophoric effect occurswith either a conventional tungsten carbide
penetrator (although toa lesserextent)oraDUpenetrator. WithaDUround, thepenetrationprocess
generateshighconcentrationsofairborne,breathable,DUoxidesandhighvelocityshardsofmetalthatcan
causeseriouswounds.Datagatheredfromtestsandfriendlyfireincidentsshowthatonlypersonnelin,on,
ornear(within50meters)thetargetvehicleatthetimethevehiclewasstruckbyaDUpenetratormay
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internalizeDUinexcessofsafetystandards.Thisinternalizationtakesplacethroughinhalation,ingestion,
woundcontamination,andembeddedDUfragments.Almostassoonastheroundhitsandthedusthas
settled,thelevelsofairborneDUontheoutsideofthevehiclewillrapidlyfalltolevelsthataremuchlower
thanthesafetystandardsprescribedbyOccupationalSafetyandHealthAct(OSHA)andtheNRC.Itis
important toplace thepossiblehazardsdue toDUpenetration intoperspective.WhenaDUpenetrator
strikesavehicle,theeffectsincludeasprayofmoltenmetal,shardsofbothpenetratorandvehiclearmor,
andsecondaryexplosionsinstoredammunition.Theinteriorofthestruckvehiclewillbecontaminatedwith
bothDU dust and fragments, and with othermaterials generated from burning interior components.
Therefore,medicalpersonnelneedtofocusonmanagingthemoreimmediatesevereconventionalinjuries
suchasblastandballisticwounds,burns,andinhalationinjuriesderivedfromtheinitialpenetrationaswell
asfromsecondaryfiresorexplosions.

b. Inhaleduranium compoundsmaybemetabolized, and result inurinary excretion of these
compounds.Absorptionwillbedeterminedbythesolubilityoftheuranium.Whilesolublesaltssuchas
chloridesarereadilyabsorbed,DUmetalisnot.Consequently,shorteninggastrointestinaltransittimewill
diminishadsorption.

A-4. Health Effects of Exposure to Depleted Uranium

a. General. TheGulfWarwas the first time therewaswidespreaduseofDU, so there is
relatively littleexperience indealingwith thehealtheffectsof thismaterial. However,since1993, the
DepartmentofVeteransAffairs(VA)hasbeenconductingafollow-upof33GulfWarveteranswhowere
seriouslyinjuredinfriendlyfireincidentsinvolvingDU.Manyoftheseveteranscontinuetohavemedical
problemsrelatingtothephysicalinjuriestheyreceivedduringtheseincidents.Abouthalfofthisgroupstill
haveDUmetalfragmentsintheirbodies.Thisfollow-upeffortandotherrelatedstudiesindicatethatthe
majorhealthconcernsaboutinternalizedDUrelatetoitschemicaltoxicityasaheavymetalratherthantoits
radioactivity,which isvery low.  In fact,DU isclassified in the lowesthazardclassofall radioactive
materials. (SeetheRandReport,A Review of the Scientific Literature as it Pertains to Gulf War Illness,
Volume7, Depleted Uranium,foradetaileddiscussionofthehealtheffectsofDU.)

b. External Exposure.Depleteduraniumemitsalpha,beta,andweakgammaradiation.Dueto
themetalíshighdensity,muchof theradiationneverreaches thesurfaceof themetal. It is thusìself-
shieldingî.Also,intactDUroundsandarmorarepackagedtoprovidesufficientshieldingtostopthebeta
andalpharadiations.Gammaradiationexposureisminimal.Afterseveralmonthsofcontinuousoperations
in an armored vehicle completely loadedwithDUmunitions, crew exposuresmight exceed peacetime
generalpopulationexposurelimitsbutwouldnotexceedpeacetimeoccupationalexposurelimits.Hence,
DUisnotaseriousirradiationthreat.

c. Internal Exposure.Inagroundcombatenvironment,routesofinternalexposurearegenerally
inhalation,ingestion,woundcontaminationandembeddedfragments.Forexample,thepyrophoriceffect
producesuraniumdustsoraerosolparticles,whichcanbeinhaledresultinginuraniumenteringtheblood
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fromthelungs.12Also,someinhaleduraniumandsomeoftheuraniumoriginallyinthelungsendsupin
theGItractasaresultofmucociliaryclearancefromtherespiratorytractandsubsequentswallowing.In
the case of embedded fragments, uranium is introduced to the body as the fragments slowly dissolve.
Uraniumaccumulatestosomedegreeinallorgans,however,thekidneyisconsideredtobethetargetorgan
foruraniumchemicaltoxicity.13GulfWarveteranswithembeddedDUfragmentshaveshownhigherthan
normallevelsofuraniumintheirurinesincemonitoringbeganin1993.Thekeytothehealtheffectisthe
amountinternalized.Studieshaveshownthatsafetystandardsforinternalizeduraniummaybeexceeded
onlyforpersonnelwhowerein,on,ornear(lessthan50meters)anarmoredvehicleatthetimethevehicle
wasstruckbyDU.

d. Chemical Toxicity. In 1997, 29 of the original 33 Gulf War veterans were reevaluated. Of
those evaluated, about halfwere identified as having retainedDU fragments.  Themajority of these
individualshadelevated24-hoururinaryuraniumlevels.ThissuggeststhatDUwasbeingdissolvedinbody
fluids;thus,thesemetalfragmentsarenotentirelyinert.Althoughtheseindividualshaveanarrayofhealth
problems,manyofwhicharerelatedtotheircombatinjuries,todatealltestsforkidneyfunctionhavebeen
normal.LaboratorytestsalsofoundDUinsemeninsamplesfromsome,butnotall,veteransexposed
toDU.Todate,allbabiesfatheredbytheseveteransbetween1991and1997havehadnobirthdefects.
WoundsthatcontainDUmaydevelopcysticlesionsthatalterandallowtheabsorptionoftheuraniummetal.
Thishasbeendemonstrated in twoveteransof thePersianGulfWarwhowerewoundedbyDU frag-
ments thatwere subsequently removed. Of theknown casualtieswoundedbyDUmunitions, allhave
elevatedurinaryconcentrationsofuranium.Studiesinscientificmodelshavedemonstratedthaturanium
willslowlybedistributedsystemicallywithprimary depositionintheboneandkidneysfromthesewounds.
Scientific data now demonstrate skeletal and renal deposition of uranium secondary to implantedDU
fragments.Thereisuncertaintyoverthetoxiclevelforlong-termchronicexposuretointernaluranium
metal,butnorenalorskeletaldamagehasbeendocumentedtodateinGulfWarveteranswithembedded
DU fragments.

e. Radiological Toxicity.Thebiologicalpropertiesofuraniuminthebodyanditsabsorptionfrom
the GI and respiratory tracts are reasonably well known from occupational exposures (for example,
uraniumminers),studiesofnormalenvironmental intake,andanimalstudies. There isnoevidenceof
cancer or any other negative health effect related to the radiation received from exposure to natural
uranium,whetherinhaledoringested,evenatveryhighdoses.Thereisevidenceoflungcancerinuranium
minersfrompreviousepidemiologicalstudies,butthisisrelatedtoexposuretoacombinationofairborne
short-liveddecayproductsofradonandotherairtoxicants,suchassilicadust,dieselfumes,andcigarette
smoke.Basedonthedistributioninthebodyandtheknownbodyorgancontent,nohealtheffectsfrom
radiationwouldbeexpectedevenforhighoccupationalexposures.Thisresultsmainlybecauseofthelow
radioactivityofnaturaluraniumandtheinabilitytogetenoughintothebodytodeliveraradiationdosethat
could be significant in causing cancer. The samewould be true forDU. Studies have not shown a
linkbetween the inhalationor ingestionofeithernaturaluraniumordepleteduraniumandany formof
cancer.

12.  Harley, Naomi H., et al., A Review of the Scientific Literature as it Pertains to Gulf War Illnesses, Vol. 7, Depleted Uranium (The

Rand Corporation, 1999).

13.  Ibid.
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A-5. Patient Management of Personnel Wounded by Depleted UraniumMunitions

a. Determining the Presence of Depleted Uranium.

(1) Thereareseveralsituational indicatorspointing to thepresenceofDU thatmayhave
beenobservedbythepatientorothermembersoftheunit:

ï PatientísvehiclewasstruckbyaKEpenetrator.

ï PatientísvehiclewasstruckbyfriendlyfirefromUStanksoraircraft.Thisalone
doesnotconfirmDUwasusedsinceUSweaponssystemsfireavarietyofantiarmormunitions.

ï An observer reports that he saw a white hot flash and sparkler-like burning
fragmentswhenthevehiclewasstruck(pyrophoriceffect).Again,thisalonedoesnotnecessarilyconfirm
aDUmunition,sinceallKEpenetratorspresentawhitehotflashtoacertainextent.

ï PatientísmedicalcardstatedsuspectedwoundingwithDUmunitionsorinhalation
ofDUparticles.

(2) BecauseofDUíshighdensity,fragmentsarereadilyvisibleonaradiographandwill
appearsimilar to steelor lead fragments in thebody. However, radiographyalone isnotsufficient to
determinethepresenceofDU,sincetherewillbesomesoldiersinvehiclesstruckbyDUmunitionsthatwill
haveembeddedmetallic fragments from thevehicleísarmorandothercomponents. Also,shards from
tungstencarbidepenetratorswillcausesimilarwoundsandwillappearradiographicallythesame.

(3) Ifreadilyavailable,RadiacMeterAN/VDR-2with the beta shield open maybeusedto
monitorwounds, burns, or suspected siteswith embedded fragments.  Thiswill confirmDUwound
contamination,andwillprovideconfirmationofwounddecontamination.UNDERNOCIRCUMSTANCES
SHOULDTREATMENTBEDELAYEDINORDERTOOBTAINANAN/VDR-2.

(4) OperationDesertStormexperienceshowedthatthemostsensitiveindicatorthatDUhas
beeninternalizedisauraniumurinebioassay.Ingeneral,embeddedDUfragmentswillslowlydissolveand
betransportedintheblood.Eventually,thepatientswillexcreteuraniumintheurine.Thelevelofuranium
intheurinewillremainconstantforlongperiodsoftime.Resultsofthemedicalmonitoringofpatientsfrom
ODSshowedthatthehighesturaniumurinelevelswereontheorderof30to40microgramsoftotaluranium
pergramofcreatinine. Themonitoringwas initiated in1993,and the levelshave remainedgenerally
constant.Inalllikelihood,thelevelswerehigheratthetimethesoldierswerewounded.Howmuchhigher
isnotknown.SeeMemorandumForTheCommander,USAAMEDDCenterandSchool,dated9April
1999,Subject:PolicyfortheTreatmentofPersonnelWoundedbyDepletedUraniumMunitionsfordetailed
proceduresonconductingDUurinebioassays.

b. Clinical Treatment of Personnel Wounded By DU Munitions.

(1) Casualtiesmay have DU contamination on their clothing and skin.  UNDER NO
CIRCUMSTANCESSHOULDCASUALTYEXTRACTION,TREATMENT,OREVACUATIONBE
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DELAYEDDUETOTHEPRESENCEOFDU.Standardaidmanproceduresfortreatingcombatwounds
shouldbefollowed.

(2) Woundsandburnsshouldbecleanedanddebridedusingstandardsurgicalprocedures.
Normalìuniversalprecautionsî(surgicalgloves,surgicalmask,andthrowawaysurgicalgowns)aremore
thanadequatetoprotectmedicalpersonnelfromaccidentalcontaminationwithDU.Itemscontaminated
withDUshouldbedisposedofusingstandarduniversalprecautionprocedures. Theuseofasensitive
radiationmetermayassistinwounddebridementandcleaning.TheAN/VDR-2RADIACMeterwith the
beta window open may assist in locating DU contamination in the wound or burn.  UNDER NO
CIRCUMSTANCES SHOULD REQUIRED TREATMENT BE DELAYED TO PERFORM THIS
MONITORING.

(3) EmbeddedDUfragmentsinwoundsshouldberemovedusingstandardsurgicalcriteria
(seeEmergency War Surgery NATO Handbook,1988),exceptthatlargefragments(greaterthan1cmin
diameter) should be more aggressively removed unless the medical risk to the patient is too
great.

(4) Monitoringofkidneyfunctionisrecommendedforthosepatientswhohavecontaminated
woundsorembeddedDU fragments. Themonitoringshould follow thecurrentprotocol inuseby the
BaltimoreVADepletedUraniumProgram.

(a) Aswithallheavymetals,thekidneyisoneoftheorgansmostsensitivetouranium
toxicity.Recommendedtestsincludeurinalysis,24-houruraniumurinebioassay,serumbloodureanitrogen
(BUN),creatinine,beta-2-microglobulin,andcreatinineclearance.

(b) Chelation therapy is not recommended based upon current estimates of DU
exposure.

(5) Once the patient is in recovery, he should be informed of the risks associatedwith
internalizedDU.ThekeypointisthatthepresenceofanyDUfragmentsintheservicememberísbody
presentsnoriskstofamilymembers.Aswithotherheavymetalsretainedinthebody,theDUinallbodily
fluids(urine,feces,sweat,saliva,andsemen)presentabsolutelynohazardtothesoldierorthepeoplehe
hascontactwith. Also,nospecialprecautionsare requiredbyanyonehavingcontactwith thepatient.
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APPENDIX B

MEDICATIONS

Table B-1 is a listing of medications available for use when treating nuclear and radiological casualties.
Stockage levels of specific medications will be as authorized by unit assemblages and standard operating
procedures (SOP).  The medications are grouped according to general category (for example, ìantidiarrheal

agentsî), and information is given on trade name, generic name, class, and so forth.

Table B-1. Medications
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Table B-1. Medications (Continued)
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Table B-1. Medications (Continued)
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Table B-1. Medications (Continued)
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APPENDIX C

TREATMENT BRIEFS

C-1. ScopeofTreatmentBriefs

Inthisappendix,28patientcategoriesinvolvingarangeofradiationdosesarebrieflydescribed.Several
patientcategoriesinvolveradiationalone,andothersdescribepatientsreceivingradiationincombination
withtraumaand/orburns.ThesedescriptionsaretermedTreatmentBriefs(TBs)andarederivedfromthe
workofthe1999ó2000NuclearWarfareCasualtyPaneloftheJointReadinessClinicalAdvisoryBoard
(JRCAB).TheprimarypurposeoftheTreatmentBriefsistohelptheJRCABdevelopmedicalplanning
toolsandresourceestimates.TheTBsarenotdesignedorintendedasmedicalprotocols. However,
physiciansandothermedicalstaffmayfindmuchoftheinformationhelpfulasquick referencematerialfor
treatmentofradiationcasualties.TableC-1belowliststhe28TreatmentBriefsinaccordancewithdose
rangeandcombined injury, ifapplicable.  Inaddition to theassumptions specificallyprovided ineach
TreatmentBrief, the assumptions and background information that are in Section I are applied to all
Treatment Briefs.

Table C-1.  List of Treatment Briefs

TREATMENT BRIEF DOSE RANGE (cGy) COMBINED INJURY

1 75 None

2 75ñ125 None

3 125ñ300 None

4 300ñ530 None

5 530ñ830 None

6 830ñ1500 None

7 >1500 None

8 0ñ125 Nonoperative trauma

9 125ñ530 Nonoperative trauma

10 >530 Nonoperative trauma

11 0ñ125 Operative trauma

12 125ñ530 Operative trauma

13 >530 Operative trauma

14 0ñ125 Mild burn

15 125ñ530 Mild burn

16 >530 Mild burn

17 0ñ125 Moderate burn

18 125ñ530 Moderate burn

19 >530 Moderate burn

20 0ñ125 Severe burn

21 125ñ530 Severe burn

22 >530 Severe burn

23 0ñ125 Operative trauma and mild burn

24 125ñ530 Operative trauma and mild burn

25 >530 Operative trauma and mild burn

26 0ñ125 Operative trauma and moderate burn

27 0ñ125 Operative trauma and severe burn

28 >125 Operative trauma and moderate or severe burn
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Section I. GLOBAL ASSUMPTIONS

C-2. LevelofCare

LevelsofCarearedefinedbycapabilityratherthanonunitsizeandgeographicallocationsonthebattlefield.
Thelevelsofcareare:

a. Level 1A. Self-care/Buddycare/CombatMedic/Corpsman.

b. Level 1B. CombatMedic/Corpsman/BattalionAid Station/SurfaceCombatant Ships/Am-
phibiousCasualtyReceivingTreatmentShip/WingSupportSquadronAidStation.

c. Level 2. Level2mayincludeForwardSurgicalResuscitation,definedassurgerythatfocuses
on specific lifesaving practices.  These practices include management of severe bleeding, airway
compromise, life threateningchest injuries,andpreparationofcasualties forevacuation. Basedon the
conceptoftheìGoldenHourîoftraumatreatment,Level2wouldreceivesome,butnotall,ofthepatients
thatareacutelyinjuredincombatrequiringexpeditioussurgerytosavelifeorlimb.Level2willusually
provide resuscitative level care and surgical interventions to improve patient chances for transport to
Level3.However,ifitispossibletoprovideLevel3careattheLevel2facilitieswithoutjeopardizingthe
mission,thenLevel3caremaybedoneonacase-by-casebasis.Thismayincludeholdingpatientsupto72
hours. Note thatanArmyFSTwillonlyholdpatients forrecovery, thenmove them to thesupported
medicalcompanyforevacuation.

d. Level 3.  Level3isthefirstlevelatwhichpatientsareadmittedintoahospitalformedical
treatmentwithinthetheaterofoperations.PatientsthatcannotreceivedefinitivecareandRTDwithinthe
time allocatedby the theatermedical evacuationpolicy are stabilized and evacuatedoutof the theater.
Typical Level 3 facilities are combat support hospitals and USAF air transportable general hospitals.

e. Level 4.Level4isthehighestlevelofcareprovidedintheater.Patientsthatcannotreceive
definitivecareandRTDwithinthetheaterevacuationpolicyarefurtherstabilizedandevacuatedoutofthe
theater.TypicalLevel4facilitiesarefieldhospitalsorgeneralhospitals.

C-3. CombinedInjury

Combined injuries include thermal burn/blast trauma/radiation injuries and are discussed inTreatment
Briefs14ó28.Thesebriefsarebasedonthermalinjurybeingthedominantdeterminantofmorbidityand
mortality. Human data sets regarding treatment of radiation combined injuries are scarce. General
descriptionsof traumaandburnsassumed in thecombined injuryTreatmentBriefsareprovidedbelow.

a. Nonoperative Blast Trauma.Examplesincludeconcussion(withoutintracranialhemorrhage),
simplelacerations,closedfractures,ligamentalinjuries,simplepneumothorax,andsoforth.

b. Operative Blast Trauma.  Examples include open fractures, major lacerations, hemo-
pneumothorax,andsoforth.
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c. Burns.Allburns(includingWhitePhosphorous)willbetreatedwithmoistdressingsand/or
absorbentgel-typedressingmaterielandantibacterialagents.Thisisduetotheremovalofcupricsulfate
fromtheworldmarket.Percentagesofbodysurfacearea(BSA)areapproximations:

ï MildBurns:1stdegreeó1to100percentBSA;2ddegreeó1to15percentBSA;3d
degreeó1to5percentBSA.

ï ModerateBurns:2ddegreeó16to30percentBSA;3ddegreeó6to15percentBSA.

ï SevereBurns:2ddegreeó>30percentBSA;3ddegreeó20percentBSA.

C-4. WoundClosure

a. AllLevel2operativeproceduresfortraumawillbeleftopen(irrigated,debrided,packed,and
dressedonly).Anexceptionincludespatientsexposedtoradiationwithoperativetrauma.Woundsthatare
leftopenandallowedtohealbysecondaryintentionwillserveasapotentiallyfatalnidusofinfectioninthe
radiologicallyinjuredpatient.Woundhealingismarkedlycompromisedwithinhoursofradiationinjury.If
atallpossible,woundsshouldbeclosedprimarilyassoonaspossible.Extensivedebridementofwounds
maybenecessaryinordertoallowthisclosure.

b. Traditionally,combatwoundsarenotclosedprimarilyduetothehighlevelofcontamination,
devitalizedtissue,andthesubsequentmorbidityandmortalityoftheclosed-spacecontamination.Inthecase
oftheradiation/combinedinjurypatient,aggressivetherapywillberequiredtoallowsurvival.Thedecision
toamputateanextremitythatinordinarycircumstanceswouldbesalvageablewillrestwiththesurgeonin
thefirsttwodaysfollowingthecombinedinjury.Nostudiesareavailableregardingtheuseofaggressive
marrowresuscitationasdescribedforthephysicallywoundedpatient.

c. Allsurgicalproceduresmustbeaccomplishedwithin36to48hoursofradiationinjury.If
surgery cannot be completed at far-forward locations, patients withmoderate injury will need early
evacuationtoalevel wheresurgicalfacilitiesareimmediatelyavailable.

C-5. ReturntoSurgery

Ifnotevacuatedwithin72hours,therewillbeapercentageofpatientsthatwillrequireareturntosurgery.
If there is radiation exposure, the return to surgerymust be anticipatedwithin 36 to 48 hours post-
irradiation.

C-6. PsychologicalCasualties

TheTreatmentBriefsdonotaddresspsychologicaland relatedcombat stresscasualtiesassociatedwith
nuclearwarfare (seeChapter6).
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C-7. Decontamination

DecontaminationisnotincludedintheTreatmentBriefs.Notallcasualtiesexposedtoradiationwillbe
contaminated. A quick survey of casualtieswith aRADIACmeter can determine if contamination is
present.  Decontamination is highly desirable prior to treatment of all casualties contaminated with
radioactivity.Thisshouldconsistofdestructionofuniforms/clothes,washingthecasualtywithsoapand
water,andwashingpersonalitems(glasses,etc.)withsoapandwater.SeeChapter4ofthismanualand
FM8-10-7formoreinformationonpatientdecontamination.

C-8. IncidenceRates

TheTreatmentBriefsassumethat100percentoftheforceexposedtoradiationwilleventuallyenterthe
medical system. Therefore, the statistics in theTreatmentBriefs for the incidence of symptoms, for
example, nausea and vomiting, is based on doctrine that considers the total population exposed. The
percentages for providing treatment, determining evacuation, and RTD are planning estimates.  The
mortalityratesusedforpatientconditionsaresequentialandrepresentestimatesofìmiddleoftheroadî
patientexpectations.Thus,50percentmortalityatLevel1,with50percentmortalityatLevel2,and50
percentmortalityatLevel3,willresultin88percentmortalityand12percentsalvagerateforin-theater
care.

C-9. Evacuation

Theassumedevacuationpolicyisthatevacuationfromthetheaterfornonreturntodutypersonnelis7to15
daysfromtimeofinjury.NotethattheTheaterCommandersetstheactualevacuationpolicy.Expected
evacuationtimesareasfollows:

ï MEDEVACTransportCategories(LeveltoLevelofCare):2Hours=Urgent;4hours=
Priority;6hours=Routine

ï AIREVACTransport(Outoftheater):6Hours=Urgent;24Hours=Priority;72Hours=
Routine

C-10. Patient Holding Capabilities

Level1hasnoholdingcapability.ThoseLevel2facilitieswithholdingcapabilitymayRTDorwillhave
materials toprovidenursingcareup to72hours ifunable toevacuate,exceptasotherwisenoted.The
holdingcapabilityatLevel2ishighlyvariedbetweentheServicesasshownbelow:

AirForceMFSTóNone

AirForceMASFó2hours

AirForceEMEDSBasicó24hours
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AirForceEMEDS+10AFTHó7days(evacuatewhen stable)

AirForceEMEDS+25AFTHó7days(evacuatewhen stable)

AirForceEMEDSATHó30days

MarineSurgicalCompanyó72hours

ArmyForwardSupportMedicalCompanywithFSTattachedó40cotsand8ICU/Recoverybedsó
30surgicalproceduresover72hours(10per24hours)andholds1to6hoursforpostoperativerecovery.If
evacuationassetsarenotavailable,patientswouldbetransferredtothepatientholdingsectionoftheFSMC
forupto72hours.

ArmyFSTó8ICU/Recoverybedsholdingfor1to6hours.Doctrinallyalwayscollocatedwith
FSMCanddependentforpower,lab,x-ray,andsoforth.

NavyPrimaryCasualtyReceiving&TreatmentShipsó72Hours.

C-11. BloodProducts

a. Current doctrine states that groupO bloodópacked cells (85 percentRhPositive and 15
percentRhNegative(forRhNegativefemales)willbeavailableatLevel2.Albumin(100ml25percent
can)isalsoavailableasavolumeexpander.Freshfrozenplasma(FFP),type-specificbloodandplatelet
concentratewouldnotgenerallybeavailable.Irradiatedbloodproducts(2000cGy)willgenerallynotbe
availableatLevel2and3.Limitedstoragecapacityof50unitsperfieldmedicalrefrigeratorexistsatLevel
2,andmaximumsareusuallysetatthislevelontheamountofbloodtobetransfusedtoanyspecificpatient.
TheArmedServicesBloodProgramOfficeísplanningfactorof4unitsperwoundedinaction/nonbattle
injurycasualtyisintendedfortheentirecontinuumofcareandnotidentifiedonlevelofcare.TableC-2
showssupplyplanningfactorsforLevel2and3matricesforbloodproductsandcrystalloidfluid.AllClass
IVhemorrhagepatientswillrequirelargeborevascularaccess.

Table C-2.  Level 2 and 3 Blood Product Matrices

LEVEL 2 BLOOD USE ASSOCIATED WITH HEMORRHAGE CLASSIFICATION

Hemorrhage Classification Blood Albumin

Class II 0 0

Class III 0.5 Units 2 (200 ml)

Class IV 2 Units 4 (400 ml)

LEVEL 3 BLOOD USE ASSOCIATED WITH HEMORRHAGE CLASSIFICATION

Hemorrhage Classification Blood Crystalloid Albumin

Class II 0 4 Liters 0

Class III 2 Units 8 Liters 2 (200 ml)

Class IV 2 Units plus 4 Units FFP 12 Liters 4 (400 ml)
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b. Bloodproductsshouldbeirradiatedfornuclearcasualtiesexposedtoradiationlevelsof300
cGy or greater and requiring transfusions. Blood products provided to radiation casualties should be
irradiatedatadoseof2000cGypriortoadministrationtodiminishincidenceoftransfusion-relatedgraft
versushostdisease.Irradiatedbloodproductswilllikelybeinshortsupplyandmightbenonexistentwithin
theatermedicalsupplysystem.

C-12. PatientWarming

Warming techniques for all patientswill be accomplished to themaximum extent possible, given the
situation.Thesetechniquesincludewrappingthepatient,utilizationofventilationheatervalve,warming
blood/IVs/irrigationfluidsthroughtheuseoffluidwarmers,warmingblankets,andcontrollingenviron-
mentaltemperatureasmuchaspossible.AllLevel2and3fluidandbloodresuscitationrequiresatleastone
blood/fluidwarmerperlitter/bedinEMT,OR,andICU.

C-13. Sterilization

Thepreferredmethodforinstrumentreuseissterilization.However,weightandvolumeconstraintsmay
prevent resupply of sterilized instrumentation and/or sterilization capability.  Therefore, high-level
disinfectantsmaybeused.

C-14. C-SpineManagement

Thedataregardingactualincidenceofcervicalspineinjuriesincombatdonotwarranttheaddedburdenof
cervicalcollarsandspineboardstotreatallpotentialcervicalspineinjuries.Collarsandboardsshouldbe
usedonlyinthelimitednumberofpatientswithveryhighsuspicionofcervical/spineinjury.

C-15. Tetanus

Tetanustoxoidusagewillbehigh.Bydefinition,alltraumaticwoundswillbeìdirtyîandshouldrequire
boosterswithin5yearsofmostrecentbooster.Thecurrentboosterscheduleisevery10years.Patients
shouldreceivetetanustoxoidboosteratthepointwheretheyreceivetheirin-theatersurgicalcare,atLevel3,
oratapointpriortotransportoutoftheater.TetanustoxoidwillnotbeavailableatLevel2.Itisassumed
anyonedeployingwillhavehadatleastonetetanusimmunizationintheirlifetime.AccordingtotheCenter
forDiseaseControl,therehasneverbeenarecordedcaseoftetanusinapersonhavingreceivedatleastone
tetanusduringtheirlifetime.Uptoa72hourdelaybetweenLevel2andLevel3shouldnotpresentariskof
tetanustopreviouslyimmunizedindividuals.

C-16. Diets

Unlessotherwisestatedinthebriefs:

ï ICUpatientswillbeNPO.Specialdietswillbespecified.
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ï ICWpatientswilladvancetoregulardietastolerated.

ï MCWpatientswilladvancetoregulardietastolerated.

C-17. CastsandSplints

Toreduceweightandvolumerequirements,allcasting/splintingwillbedonewithpolymerbasedcasting
andfiberglasstapeinpreferencetoplastercast.Noplasterwillbeavailable.

C-18. Lab/X-ray/Pharmacy

Diagnosisandtreatmentisdrivenbyclinicalexaminationwithlaboratorytestingandx-raysbeingusedfor
confirmationonlywhenabsolutelynecessary.Pointofcaretesting,withlaboratoryservicesupport,isthe
optimalchoice.

C-19. Oxygen

Oxygencylindersarehazardouscargo,requireatremendousamountofweightandvolumecapacity,and
arenotreadilyavailableforresupply/refill.Intheabsenceofanoxygengenerator,oxygenshouldbeused
onlyifabsolutelynecessaryduetotheselimitingfactors.

C-20. PatientPersonalSupportKits

Itwillbeassumedthatsuppliesissuedtopatientswillbetransferredwiththepatientratherthanreissuing
suppliessuchasadmissionkits,irrigationkits,andsoforth.Thiswillmarkedlyreducethelogisticalloadfor
patientsupportitems.

C-21. Water

Watersourceswillbelimited.Conservationofpotablewateriscritical.

C-22. Linen

Linenwillnotmeetthedemandinmasscasualty(MASCAL)orpatientcaresurges.Timelyresupplyof
cleanlinenisunreliable. Disposablelinenistheproductofchoice.

C-23. Refrigeration

ThereisnorefrigerationatanyLevel1facility.RefrigerationexistsatsomeLevel2andatallLevel3
facilities.
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Section II. TREATMENT BRIEFS

C-24. TreatmentBriefNo.1: RadiationExposureat0.0ñ75cGyWithoutOtherPhysicalInjury

LEVEL1A
Assumptions:  Real or suspected exposure; vital signs (VS): stable; ambulatory patient; alert;

oriented,anxious;5percentnausea,mildheadache.
Treatment:Reassurance.Routinegroundtransport95percent,RTD5percent.

LEVEL1B
Assumptions: VS:stable. Ambulatorypatient;alert;oriented,anxious;5percentnausea,mild

headache.
Treatment:  Consultation with Combat Stress Control Unit (CSCU), reassurance, PO pain

medication10percent;POantiemetics5percent.RTD95percent,routinegroundtransport5percent.

LEVEL2
Assumptions:VS:stable,ambulatorypatient;alert;oriented,anxious;100percentnausea,mild

headache;automateddifferentialcellcounteravailable.
Treatment:25percentIVfluidslaboratoryreport(LR);rest,75percentPOantiemeticsand25

percentIVantiemetics;reassurance/counseling.LAB:100percentCBCwithdifferentialforlymphocyte
countevery12hoursfortwodaysforprognosisanddeterminationofRTD. LAB:100percentdrawone
bloodspecimenperpatientforbiodosimetryredtoptube(clot)(keeprefrigerated)forradiationexposure
documentation;100percentRTD.

C-25. TreatmentBriefNo. 2: Radiation Injury at 75ñ125 cGyWithoutOther Physical Injury

LEVEL1A
Assumptions: Real exposure;VS: stable; ambulatory patient; alert; oriented, anxious; 5 to 30

percentnausea/vomiting;mildheadache;pretreatmentwithPOantiemeticsmayblocknausea.
Treatment:Reassurance.Routinegroundtransport100percent.

LEVEL1B
Assumptions:VS:stabletomildtachycardia.Ambulatorypatient;alert;oriented,anxious;5to30

percentnausea/vomiting;mildheadache.
Treatment:ConsultationwithCSCU,reassurance;POpainmedication10percent;antiemetics30

percent;furthernonmedicalradiationexposuremustbelimited;RTD50percent,routinegroundtransport
50percent.

LEVEL2
Assumptions:VS:stabletomildtachycardia.Ambulatorypatient;alert;oriented,anxious;nausea/

vomiting15to60percent;headache;automateddifferentialcellcounteravailable.
Treatment:  60 percent IV fluidsLR, rest, 60 percent IV antiemetics; reassurance/counseling.

ConsultationwithCSCU.LAB:100percentdrawonebloodspecimenperpatientforbiodosimetry(redtop
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tube[clot][keeprefrigerated])forradiationexposuredocumentation;100percentCBCwithdifferentialfor
lymphocytecountevery12hoursfortwodaysforprognosis;80percentRTD,routinegroundtransport20
percent.

LEVEL3
Assumptions:VS:stabletomildtachycardia.Ambulatorypatient;alert;oriented,anxious;nausea/

vomiting5 to10percent;headache; automateddifferential cell counter available. Only10percentof
casualtiesreportingtoLevel1BwillultimatelyreachLevel3.

Treatment: EMT:VS;primaryassessment,10percentIVantiemetics.LAB:100percentCBC
withdifferentialonetime.

OR: None.
WARDS: ICU:None.

ICW:None.
MCW: VSoncedaily; supportive care;pushPO fluids, advancediet.

LAB:SerialCBCwithdifferentialevery12hourstimestwodays.RTD100percent.

C-26. TreatmentBriefNo. 3: Radiation Injury at 125ñ300 cGyWithoutOtherPhysical Injury

LEVEL1A
Assumptions:Significantexposure;VS:stabletotachycardia;ambulatorypatient;alert;oriented,

anxious;20to70percentnausea/vomiting(n/v);mildheadache;25to60percentmildtomoderatefatigability
andweakness;pretreatmentwithantiemeticsdecreasesvomiting.

Treatment: Reassurance.Routinegroundtransport100percent.

LEVEL1B
Assumptions:  Significant exposure; 5 percentmortality if untreated in 30 days;VS: stable to

tachycardia;ambulatorypatient;alert;oriented,anxious;20 to70percentn/v;mildheadache;25 to60
percentmildtomoderatefatigabilityandweakness;pretreatmentwithantiemeticsdecreasevomiting.

Treatment:VS:startIVLRin20percent;reassurance,painmedication10percent;POantiemetics
50percent; further radiationexposure strictly limited tomedicaldiagnosticprocedures; routineground
transport100percent.

LEVEL2
Assumptions:  Significant exposure; 5 percentmortality if untreated in 30 days;VS: stable to

tachycardia;ambulatorypatient;alert;oriented,anxious;20 to70percentn/v;mildheadache;25 to60
percentmild tomoderate fatigability andweakness; pretreatmentwith antiemetics decrease vomiting,
automateddifferentialcellcounteravailable.

Treatment: IVfluids50percent,rest,70percentPOantiemetics,reassurance/counseling.LAB:
CBCwithdifferentialfor lymphocytecountevery12hoursforprognosis;routineground transport100
percent.SincenopatientswillRTD,biodosimetrywillbedeferredtoLevel3.

LEVEL3
Assumptions: Significant exposure; 5 percentmortality if untreated;VS: stable to tachycardia;

ambulatorypatient;alert;oriented,anxious;10to30percent n/v;mildheadache;25to60percentmildto
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moderate fatigability and weakness; pretreatment with PO antiemetics decrease vomiting, automated
differential cellcounteravailable.Confirmationofradiationinjuryrequirestwodaysobservation.

Treatment:  EMT:VS;primaryassessment,POantiemetics.LAB:100percentdrawoneblood
specimen per patient for biodosimetry red top tube (clot) (keep refrigerated) for radiation exposure
documentation;100percentCBCwithdifferential.

OR:None.
WARDS: ICU:None.

ICW:None.
MCW:100percentofpatientsarrivingatLevel3;VS;supportivecare;

pushPOfluids,dietastolerated.LAB:serialCBCswithdifferentialevery12hours.Cytokines(G-CSF
480mcgsubcutaneousdaily)in10percentofpatients;routineairtransport100percentofpatientsadmitted
toMCW.

C-27. TreatmentBriefNo. 4: Radiation Injury at 300ñ530 cGyWithoutOtherPhysical Injury

LEVEL 1A
Assumptions:Dangerousexposure;VS:stabletotachycardia;ambulatorypatient;alert;oriented,

anxious;50to90percentn/v;10percentdiarrhea;60to90percentmoderatefatigabilityandweakness;
pretreatmentwithantiemeticsmaydecreasevomiting.

Treatment:Reassurance.Routinegroundtransport100percent.

LEVEL1B
Assumptions: Dangerousexposure;5to50percentmortalitywithin30daysifuntreated;VS:stable

totachycardia;ambulatorypatient;alert;oriented,anxious;50to90percentn/v;60to90percentmoderate
fatigabilityandweakness;pretreatmentwithantiemeticsmaydecreasevomiting.

Treatment: VS:start IVLR in80percent; reassurance;POantiemetics90percent;no further
radiationexposureallowable;routinegroundtransport100percent.

LEVEL2
Assumptions:Dangerousexposure;5to50percentmortalitywithin30daysifuntreated;VS:stable

totachycardia;ambulatorypatient;alert;oriented,anxious;50to90percentn/v;60to90percentmoderate
fatigabilityandweakness;automateddifferentialcellcounteravailable;pretreatmentwithantiemeticsmay
decreasevomiting.

Treatment:Rest;IVfluidsLR100percent.LAB:25percentelectrolytesoncedailytimestwo
days;90percent (45percentPOand45percent injectable)antiemetics;counseling. LAB: CBCwith
differentialforlymphocytecountevery12hoursfor24to36hoursforprognosis.Isolatefromcommunicable
diseases;urgentairtransport20percent/urgentgroundtransport80percent.

LEVEL3
Assumptions:Dangerousexposure;5to50percentmortalityifuntreated;VS:stabletotachycardia;

ambulatorypatient;alert;oriented,anxious;30to60percentn/v;60to90percentmoderatefatigability
and weakness; pretreatment with antiemetics may decrease vomiting; automated differential cell
counter.
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Treatment: EMT:VS;primaryassessment,60percent(30percentPOand30percentinjectable)
antiemetics.LAB:100percentCBCwithdifferential,100percentdrawonebloodspecimenperpatientfor
biodosimetryredtop(clot)(keeprefrigerated)forradiationexposuredocumentation.

OR:None.
WARDS: ICU:None.

ICW:10percentofpatientsarrivingatLevel3;VS:qid;supportivecare;
100percentofpatientsrequireIVLRfluids(4liters/day);clearliquids.LAB:100percentelectrolytes
oncedaily,serialCBCswithdifferentialevery12hoursdaily.Cytokines(G-CSF480mcgsubcutaneous
daily)in100percentofpatients;drawbloodspecimensforHLAtyping(threeyellowtoptubes);reverse
isolation.PatientsadmittedtoICWpriorityairtransport100percent.

MCW:90percentofpatientsarrivingatLevel3;VS;supportivecare;
pushPOfluids,advancediet.LAB:serialCBCswithdifferentialevery12hours.Cytokines(G-CSF480
mcgsubcutaneousdaily)in100percentofpatients.Reverseisolation.DrawbloodspecimensforHLA
typing(threeyellowtoptubes).PatientsadmittedtoMCWóroutineairtransport100percent.

C-28. TreatmentBriefNo. 5: Radiation Injury at 530ñ830 cGyWithoutOtherPhysical Injury

LEVEL1A
Assumptions:Criticalexposure;VS: tachycardia; litter50percent,ambulatory50percentalert;

oriented, anxious;80 to100percentn/v;10percentdiarrhea;90 to100percentmoderate to extreme
fatigabilityandweakness;pretreatmentwithantiemeticsisineffective.

Treatment:Urgentgroundtransport100percent.

LEVEL1B
Assumptions: Critical exposure; 50 to 95 percentmortalitywithin 30 days if untreated;VS:

tachycardia;litter50percent,ambulatory50percentalert;oriented,anxious;80to100percentn/v;90to
100percentmoderate toextreme fatigabilityandweakness;pretreatmentwithantiemetics is ineffective.

Treatment:  VS once, start IV LR in 100 percent; injectable antiemetics 100 percent; pain
medications 10 percent; isolate from communicable diseases; no further radiation exposure allowable;
urgentgroundtransport30percent/urgentairtransport70percentwithoverflighttoLevel3ifpossible.

LEVEL2
Assumptions:Overflightifpossible.Criticalexposure;50to95percentmortalityifuntreated;VS:

tachycardia; litter50percent,ambulatory50percentalert;oriented,anxious;80 to100percentn/v;10
percent diarrhea; 90 to 100 percentmoderate to extreme fatigability andweakness; pretreatmentwith
antiemetics is ineffective.

Treatment:VS;startIVLRin100percent;injectableantiemetics100percent;reverseisolation;no
furtherradiationexposureallowable;urgenttransport100percenttoLevel3.

LEVEL3
Assumptions:Criticalexposure;50to95percentmortalityifuntreated;VS:tachycardia;litter50

percent,ambulatory50percent;alert;oriented,anxious;30to70percentn/v;10percentdiarrhea;90to100
percent moderate to extreme fatigability and weakness; pretreatment with antiemetics is ineffective.
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Automateddifferentialcellcounteravailable.Comment:Airevacuatedbyday4,ifunabletoevacuateby
dayfourpostexposure,antibioticandantiviralswillbeneededalongwithsurveillancecultures.

Treatment: EMT:VSonce;primaryassessment,70percentinjectableantiemetics,100percent
IVLR.LAB:Drawonebloodspecimenperpatientforbiodosimetryredtop(clot)(keeprefrigerated)for
radiationexposuredocumentation;CBCwithdifferential.

OR:None.
WARDS: ICU:None.

ICW:100percentofpatientsarrivingatLevel3.VS:qid;supportive
care;100percentofpatientsrequireIVfluids(LR,4liters/day),NPO50percent,clearliquids50percent.
LAB:SerialCBCswithdifferentialevery12hoursforthefirstfourdays.Cytokines(G-CSF480mcg
subcutaneous daily) in 100 percent of patients; 10 percent antidiarrhealmedications; reverse isolation.
Drawblood specimens forHLA typing threeyellow top tubes. Patients admitted to ICWóUrgent air
transport100percenttoLevelVtreatmentfacility.

MCW:None.

C-29. TreatmentBriefNo.6: RadiationInjuryat830ñ1500cGyWithoutOtherPhysicalInjury

LEVEL 1A
Assumptions:Criticalexposure;VS:tachycardia;litter100percent,90to100percentdisoriented,

anxious; immediateonsetof100percentn/v;diarrhea10percent;100percentextreme fatigabilityand
weakness;pretreatmentwithantiemetics is ineffective.

Treatment:Urgentgroundtransport100percent.

LEVEL1B
Assumptions: Critical exposure; 100 percentmortalitywithin 15 to 30 days if untreated;VS:

tachycardia,hypotension25percent;litter100percent,disoriented90to100percent,anxious;immediate
onsetof100percentn/v;10percentdiarrhea;100percentextremefatigabilityandweakness;pretreatment
withantiemeticsisineffective.

Treatment:VS: once; start IV LR in 100 percent; injectable antiemetics 100 percent; IV/IM
morphine25percent;nofurtherradiationexposureallowable;urgentgroundtransport100percent.

LEVEL2
Assumptions:Criticalexposure;100percentmortalityifuntreated;VS:tachycardia,hypotension

25percent,50percent lowgrade fever; litter100percent,disoriented90 to100percent,anxious;100
percent immediate onset of n/v; 10 percent diarrhea; 100 percent extreme fatigability andweakness;
pretreatmentwithantiemeticsisineffective.Automateddifferentialcellcounteravailable.

Treatment: VS, start IV LR in 100 percent; injectable antiemetics 100 percent; antidiarrheal
medication10percent.LAB:CBCwithdifferentialevery12hours.Comment:Attemptreverseisolation;
nofurtherradiationexposureallowable;urgentgroundtransport100percenttoLevel3.

LEVEL3
Assumptions:Criticalexposure;mortality100percentifuntreated;VS:tachycardia,hypotension

25percent,lowgradefever50percent;litter100percent,disoriented40to70percent,anxious;40to70
percent immediate onset of n/v; 10 percent diarrhea; 100 percent extreme fatigability andweakness;
pretreatmentwithantiemeticsisineffective.Automateddifferentialcellcounteravailable.



C-13

FM 4-02.283/NTRP 4-02.21/AFMAN 44-161(I)/MCRP 4-11.1B

Treatment: EMT:VSonce;primaryassessment,injectableantiemetics.LAB:Drawoneblood
specimenperpatientforbiodosimetryredtop(clot)(keeprefrigerated)forradiationexposuredocumenta-
tion;CBCwithdifferential.

OR:None.
WARDS: ICU:None.

ICW:100percentofpatientsarrivingatLevel3;VS,supportivecare;100
percentIVfluids(LR4liters/day),NPO50percent,clearliquids50percent.

LAB: 100percentserialCBCswithdifferentialevery12hoursdaily,electrolytes
q24h.Cytokines(G-CSF480mcgsubcutaneousdaily)in100percentofpatients;10percentantidiarrheal
medications;reverseisolation.100percentdrawbloodspecimensforHLAtypingthreeyellowtoptubes
acid-citratedextrose(ACD)(keeprefrigerated).PatientsadmittedtoICWó100percenturgentairtrans-
porttoaLevelVtreatmentfacility.Ifunabletoevacuatebydayfourpostexposure,bloodproducts(pref-
erablyirradiatedto2000cGy),antibiotics,antivirals,antifungals,andsurveillancecultureswillbeneeded.

MCW:None.

C-30. Treatment Brief No. 7:  Radiation Injury>1500 cGyWithout Other Physical Injury

LEVEL1A
Assumptions:Lethalexposure;95to100percentmortalityevenwithtreatment;VS;unstable;litter

100percent,disoriented75percent,anxious;100percent immediateonsetofnausea/vomiting/diarrhea
(n/v/d);100percentextremefatigabilityandweakness;pretreatmentwithantiemeticsisineffective.

Treatment:Urgentgroundtransport100percent.

LEVEL1B
Assumptions:Lethalexposure;95to100percentmortalityevenwithtreatment;VS,unstable;litter

100percent,disoriented75percent,anxious;100percentimmediateonsetofn/v/d;100percentextreme
fatigabilityandweakness;pretreatmentwithantiemeticsisineffective.

Treatment:VS:once;startIVLRin25percent;injectableantiemetics100percent;100percentIM
morphine2 to4mgq1 to4hoursasneeded;no furtherradiationexposureallowable;routineground
transport100percenttoLevel2.Comment:Thosepatientswithneurologicsignsareexpectant.

LEVEL2
Assumptions:Lethalexposure;95to100percentmortalityevenwithtreatment;VS;unstable;litter

100percent,disoriented75percent,anxious;100percentimmediateonsetofn/v/d;100percentextreme
fatigabilityandweakness;pretreatmentwithantiemeticsisineffective.Automateddifferentialcellcounter.
Expectantpatients(withneurologicdeficits)75percent,nonexpectant25percent.

Treatment:Forall(100percent):VSprn;antiemeticsIV,IMmorphine2to4mgq1to4hoursas
neededforpain;antidiarrhealmedications.Nonexpectant(25percent):maintainIVLR.LAB:CBCwith
differentialevery12hours. Attempt reverse isolation;no further radiationexposureallowable;urgent
groundtransport(25percent).Expectant(75percent):Routinegroundtransport75percent.

LEVEL3
Assumptions:Lethalexposure;95to100percentmortalityevenwithtreatment;VS,unstable;litter

100percent,neurologicalcasualties(75percent)admittedtoMCWforpalliativecare;25percentadmitted
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toICW(noneurologicsigns);100percentn/v/d;100percentextremefatigabilityandweakness.Automated
differential cellcounter.Eventualmortalityatthislevelisestimatedat80percent.

Treatment: EMT:VS:once;maintainIVLRin25percent;injectableantiemetics100percent;
100percentIV/IMmorphine2to4mgonceifneeded.LAB:100percentofpatientsneedblooddrawnfor
biodosimetry (red top clot) (keep refrigerated) for radiation exposuredocumentation.  In thosewithout
neurologicsigns(25percentofpatients),CBCwithdifferentialandelectrolytes;reverseisolation.

OR:None.
WARDS: ICU:None.

ICW:25percentofpatientsarrivingatLevel3;VSq4h;supportivecare;
100 percent IV fluids (LR 4 liters per day),NPO 100 percent. LAB: 100 percent serialCBCswith
differentialevery12hoursdaily,100percentelectrolytesq24h.Cytokines(G-CSF480mcgsubcutaneous
daily)in100percentofpatients;100percentantidiarrhealmedications.Eventualmortalityis80percent
fromthisradiationexposure;reverseisolation.DrawbloodspecimensforHLAtypingthreeyellowtop
tubes(ACD)100percent(keeprefrigerated).Note:Ifunabletoevacuatebydayfourpostexposure,blood
productspreferablyirradiatedto2000cGy,antibiotics,antivirals,antifungals,andsurveillancecultureswill
beneeded.PatientsadmittedtoICWóUrgentairtransport100percentairevacuatetoLevelVtreatment
facility.

MCW: 75percentofpatients arriving atLevel3;palliative care;100
percentmorphineIVevery1to4hoursdailyasneededforpain(mortality100percent).Patientsadmitted
toMCWó100percentmortality.

C-31. Treatment BriefNo. 8: Radiation at 0ñ125 cGyWithNonoperative Trauma (Examples
include concussion, simple lacerations, closed fractures, ligamental injuries,and so forth.)

LEVEL 1A
Assumptions:Realorsuspectedradiationexposure;50percentlitterpatient(frommorphine)/50

percentambulatorypatient(nomorphine);VSstable;severepaininupperextremity;neurovascularstatus
intact;nosignificanthemorrhage;moderatedeformityofelbownoted;alert;oriented.Radiationeffects
include:apprehensionandagitation;n/v5 to30percent;mildheadache;pretreatmentwithantiemetics
decreasesvomiting;radiationdoesnotcontributetomortalityatthislevel.

Treatment: Slingand swatheextremity;50percentpatients IMmorphine;dressopenwounds;
reassurance;100percentroutinegroundtransport.

LEVEL1B
Assumptions:Realorsuspectedradiationexposure;50percentlitterpatient/50percentambulatory

patient;VSstable;severepaininupperextremity;neurovascularstatusintact;nosignificanthemorrhage;
moderatedeformityofelbownoted;alert;oriented.Radiationeffectsinclude:apprehensionandagitation;
n/v5to30percent;mildheadache;pretreatmentwithantiemeticsdecreasevomiting;radiationdoesnot
contributetomortalityatthislevel.

Treatment:VS:startIVLRin50percent;slingandswatheextremity;IMmorphine50percent;30
percentPOantiemeticspromethazine;reassurance;100percentroutinegroundtransport.

LEVEL2
Assumptions:Realorsuspectedradiationexposure;50percentlitterpatients/50percentambulatory

patients;VSstable;severepaininupperextremity;neurovascularstatusintactin99percent;nosignificant
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hemorrhage;moderatedeformityofelbownoted.Radiationeffectsinclude:apprehensionandagitation;
n/v 5 to 30 percent;mild headache; pretreatment with antiemetics decrease vomiting; radiationmay
contributetomorbidityatthislevel.

Treatment:IV/IMmorphine;IVfluidsLR80percent,rest,30percentPOantiemetics,reassurance/
counseling. X-ray, neurovascular checks, one percent axillary block and fasciotomy and/or attempted
reductionforcompartmentsyndromeandvascularcompromise;splintextremity;slingapplied;salinelock.
LAB:CBCwithdifferentialstwicedailyuntiltransferred;100percentroutinegroundtransport.

LEVEL3
Assumptions:Realorsuspectedradiationexposure;50percentlitterpatients/50percentambulatory

patients;VS stable; x-ray reveals fracture, dislocation of elbow; neurovascular status intact; no other
apparentinjuries.Radiationeffectsinclude:apprehensionandagitation;n/v5to30percent;mildheadache;
pretreatmentwithantiemeticsdecreasesvomiting;radiationmaycontributetomorbidityatthislevel.

Treatment: EMT:VS;primaryassessment.LAB:100percentCBCwithdifferential;drawone
bloodspecimenperpatientforbiodosimetry(redtoptube[clot][keeprefrigerated])forradiationexposure
prognosis. Maintain IV; 50 percent IM/IVmorphine; orthopedist consult; doppler assessment; x-ray:
elbow,humerus, forearm;compartmentpressureassessment10percent;orthopedist reduces90percent
in EMT and places arm in posterior plaster long arm splint and sling; x-ray: repeat of elbow after
reduction.

OR:10percenthaveopenreductionwithpossiblefixationoffracturewithplatesand
screws/K-wires;furtherdefinitivestabilizationmayberequiredathigherlevel;fasciotomyofforearmand
applicationof longarmsplintunderaxillaryblock; IVantibiotics;x-ray:elbow;2 litersRL;OR table
timeó180min.DigitalportableradiographyinOR.

WARDS: ICU:None.
ICW:  100percentofpatientsarrivingatLevel3.VS;100percentIVLR;

IV antibiotics (10 percent) for operative cases; IV/IMmorphine; elevate limb; neuro and circulatory
checks;doppler;dressingchanges;CBCwithdifferentialstwicedailytimesfourdays;reverse isolation.
Priorityairtransport100percent.

MCW:None.

C-32. TreatmentBriefNo.9: Radiationat125ñ530cGyWithNonoperativeTrauma (Examples
include concussion, simple lacerations, closed fractures, ligamental injuries,and so forth.)

LEVEL1A
Assumptions:Significantradiationexposure;75percentlitterpatient/25percentambulatorypatient;

VSstable;severepaininupperextremity;neurovascularstatusintact;nosignificanthemorrhage;moderate
deformityofelbownoted;alert;oriented.Radiationeffectsinclude:apprehensionandagitation;n/v50to90
percent;mildheadache; fatigueandweakness25 to60percent;pretreatmentwithantiemeticsdecrease
vomiting;radiationdoesnotcontributetomortalityatthislevel.

Treatment:Slingandswatheextremity;75percentIMmorphine;dressopenwounds;reassurance;
100percentroutinegroundtransport.

LEVEL1B
Assumptions:Significantradiationexposure;75percentlitterpatient/25percentambulatorypatient;

VSstable;severepaininupperextremity;neurovascularstatusintact;nosignificanthemorrhage;moderate
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deformityofelbownoted;alert;oriented.Radiationeffectsinclude:apprehensionandagitation;n/v50to90
percent;mildheadache;fatigueandweakness25 to60percent;pretreatmentwithantiemeticsdecreases
vomiting;radiationdoesnotcontributetomortalityatthislevel.

Treatment:VS:startIVLRin90percent;slingandswatheextremity;IMmorphine100percent;
90percentPO/IMantiemetics;reassurance;furtherradiationexposurestrictlylimitedtomedicaldiagnostic
procedures;100percentroutinetransport.

LEVEL2
Assumptions: Significant andpotentially lethal radiation exposure;75percent litterpatients/25

percentambulatorypatients;VSstable;severepaininupperextremity;neurovascularstatusintactin99
percent; no significant hemorrhage;moderate deformity of elbow noted.  Radiation effects include:
apprehensionandagitation;n/v50to90percent;mildheadache;fatigueandweakness25to60percent;
pretreatmentwith antiemeticsmay decrease vomiting; radiation contributes tomorbidity at this level.
Automatedcellcounteravailable.

Treatment:IV/IMmorphine;IVfluidsLR100percent;rest;90percentPOantiemetics,counseling.
X-ray,neurovascularchecks,onepercentaxillaryblockand fasciotomyand/orattempted reduction for
compartmentsyndromeandvascularcompromise.Splintextremity;slingapplied;salinelock.LAB:CBC
withdifferentialstwicedailyuntiltransferred;100percentroutinegroundtransport.

LEVEL3
Assumptions: Significant andpotentially lethal radiation exposure;75percent litterpatients/25

percentambulatorypatients;VSstable;x-rayrevealsfracture,dislocationofelbow;neurovascularstatus
intact;nootherapparentinjuries.Radiationeffectsinclude:apprehensionandagitation;n/v50to90per-
cent;mildheadache;fatigueandweakness25to60percent;pretreatmentwithantiemeticsmaydecrease
vomiting;radiationcontributestomorbidityatthislevel.Radiationwillcontributetomorbidityatthislevel
duetoimmunosuppression.

Treatment: EMT:VS;primaryassessment.LAB:CBCwithdifferential,100percentdrawone
bloodspecimenperpatientforbiodosimetryredtoptube(clot)(keeprefrigerated)forradiationexposure
prognosis;maintain IV; 75 percent IM/IVmorphine. Orthopedist consult; doppler assessment; x-ray:
elbow,humerus, forearm;compartmentpressureassessment10percent;orthopedist reduces90percent
in EMT and places arm in posterior plaster long arm splint and sling; x-ray: repeat of elbow after
reduction.

OR:10percenthaveopenreductionwithpossiblefixationoffracturewithplatesand
screws/K-wires;furtherdefinitivestabilizationmayberequiredathigherlevel;fasciotomyofforearmand
applicationof longarmsplintunderaxillaryblock;IVantibiotics;x-ray:elbow;2 litersRL.OR table
timeó180minutes.DigitalportableradiographyinOR.

WARDS: ICU:None.
ICW:100percentofpatientsarrivingatLevel3.VS;100percentIVLR;

IV antibiotics (10 percent) for operative cases; IV/IMmorphine; elevate limb; neuro and circulatory
checks;doppler;dressingchanges. Administercytokines (480mcgG-CSF) subcutaneousdaily in100
percent;CBCwithdifferentialstwicedaily.DrawbloodspecimensforHLAtyping(threeyellowtoptubes
[ACD][keeprefrigerated]). Reverseisolation.PatientsadmittedtoICWó10percentearlymortalitydue
tocombinationofsurgeryandhighdoseradiation;90percentpriorityairtransport.

MCW:None.
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C-33. Treatment Brief No. 10:  Radiation>530 cGyWith Nonoperative Trauma (Examples
include concussion, simple lacerations, closed fractures, ligamental injuries,and so forth.)

LEVEL1A
Assumptions: Critical to lethalradiationexposure;100percent litterpatients;VSstable;severe

pain inupper extremity;neurovascular status intact;no significanthemorrhage;moderatedeformityof
elbownoted;alert;oriented.Extremeradiationdoseswillcauseneurologicaldeficits;additionalradiation
effectsinclude:apprehensionandagitation;n/v100percent;fatigueandweakness100percent;pretreatment
withantiemeticsmayhavenoeffects;radiationmaycontributetomorbidityatthislevel.

Treatment: Dress openwounds; reassurance; sling and swathe extremity; IMmorphine; 100
percentprioritygroundtransport.

LEVEL1B
Assumptions: Critical to lethalradiationexposure;100percent litterpatients;VSstable;severe

pain inupper extremity;neurovascular status intact;no significanthemorrhage;moderatedeformityof
elbownoted.Extremeradiationdoseswillcauseneurologicaldeficits;additionalradiationeffectsinclude:
apprehensionandagitation;n/v100percent;fatigueandweakness100percent;pretreatmentwithantiemetics
mayhavenoeffects; radiationmaycontribute tomorbidityat this level. Critical radiation injurywith
persistentcentralneurologicalsignsplaces10percentofpatientsinexpectantcategoryatthislevel.

Treatment: VS;start IVLR innonexpectantpatients (90percentofpatients);slingandswathe
extremity;IMmorphine100percent;90percentPO/IMantiemetics;reassurance.Note:Allsurgerymust
becompletedwithin36ó48hours;evacuationtoalevelofcarethatcanprovideappropriatewoundclosure
surgeryisessential.90percentprioritygroundtransport;10percentroutinegroundtransport.

LEVEL2
Assumptions: Critical to lethalradiationexposure;100percent litterpatients;VSstable;severe

pain inupperextremity;neurovascularstatus intact in90percent;nosignificanthemorrhage;moderate
deformityofelbownoted.Extremeradiationdoseswillcauseneurologicaldeficits;additionalradiation
effectsinclude:apprehensionandagitation;n/v100percent;fatigueandweakness100percent;pretreatment
withantiemeticsmayhavenoeffects;radiationmaycontributetomorbidityatthislevel.Criticalradiation
injurywithpersistentcentralneurologicalsignsplaces20percentofpatientsinexpectantcategoryatthis
level.

Treatment:VS;MaintainIVLRinnonexpectantpatients(80percentofpatients);IV/IMmorphine;
x-ray,neurovascular checks,onepercent axillaryblock and fasciotomy and/or attempted reduction for
compartmentsyndromeandvascularcompromise;splintextremity;slingapplied;salinelock.LAB:CBC
withdifferentialstwicedailyuntiltransferred.Note:Allsurgerymustbecompletedwithin36to48hours;
evacuation toa levelofcare thatcanprovideappropriatewoundclosuresurgery isessential. Attempt
reverseisolation.80percentpriorityairtransport;20percentroutineairtransport.

LEVEL3
Assumptions: Critical to lethal radiationexposure;100percent litterpatients;VS stable;x-ray

reveals fracture, dislocation of elbow; neurovascular status intact in 90 percent of patients arriving at
Level3;nootherapparentinjuries.Radiationeffectsinclude:apprehensionandagitation;n/v100percent;
fatigue andweakness 100 percent; pretreatmentwith antiemeticsmay have no effects; radiationmay
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contribute tomorbidityat this level. Critical radiation injurywithpersistentcentralneurological signs
places30percentofpatientsinexpectantcategoryatthislevel.

Treatment: EMT:  VS; primary assessment, maintain IV; 100 percent IM/IV morphine;
orthopedist consult; doppler assessment; x-ray: elbow, humerus, forearm; compartment pressure
assessment10percent;orthopedistreduces90percentinEMTandplacesarminposteriorplasterlongarm
splintandsling;x-ray:repeatofelbowafterreduction.LAB:(fornonexpectantpatientsó70percent);CBC
withdifferentialforradiationexposure;100percentdrawonebloodspecimenperpatientforbiodosimetry
(redtop[clot][keeprefrigerated])forprognosis.

OR:10percenthaveopenreductionwithpossiblefixationoffracturewithplatesand
screws/K-wires;furtherdefinitivestabilizationmayberequiredathigherlevel;fasciotomyofforearmand
applicationof longarmsplintunderaxillaryblock; IV antibiotics;x-ray:elbow;2 litersRL;OR table
timeó180minutes.DigitalportableradiographyinOR.

WARDS: ICU:None.
ICW:70percentofpatientsarrivingatLevel3;VS;100percentIVLR;

IV antibiotics (10 percent) for operative cases; IV/IMmorphine; elevate limb; neuro and circulatory
checks;doppler;dressingchanges. Administercytokines (G-CSF480mcg subcutaneousdaily) in100
percent; CBC with differentials twice daily.  Three yellow top tubes (ACD) for HLA typing, keep
refrigerated.Reverseisolation.PatientsadmittedtoICW:Mortality5percentatthislevelat5to7days,
95percentpriorityairtransport.

MCW:Expectantpatientsonly(30percentofpatientsarrivingatLevel3);
IV/IMmorphineasneeded.PatientsadmittedtoMCW:Mortality100percentbysevendays.

C-34. TreatmentBriefNo.11:Radiationat0ñ125cGyWithOperativeTrauma

LEVEL 1A
Assumptions:Realorsuspectedradiationexposure;litterpatient;alert,cooperativeandoriented;

VS: pulse greater than 100, B/P 100/60, no respiratory distress, evidence of closed intra-abdominal
hemorrhageandinjury.Radiationeffectsinclude:apprehensionandagitation;n/v5to30percent;mild
headache; pretreatmentwith antiemetics decrease vomiting and possibly increase fatigability; radiation
doesnotcontributetomortalityatthislevel.

Treatment:StartIV100percent(LR);reassurance;100percentprioritygroundtransport.

LEVEL1B
Assumptions:Realorsuspectedradiationexposure;100percentlitterpatients;alert,cooperative

andoriented;VS:pulsegreater than100,B/P100/60,norespiratorydistress;evidenceofclosed intra-
abdominal hemorrhage and injury. Radiation effects include: apprehension and agitation; n/v 5 to 30
percent;mildheadache;pretreatmentwithantiemeticsdecreasevomiting;radiationdoesnotcontributeto
mortalityatthislevel.

Treatment:VS:MaintainIVLRin100percent;stabilizationandIMmorphine;reassurance;30
percenttreatmentwithantiemetics;10percentcervicalspinestabilized;100percenturgentairtransport.
Note:Allsurgerymustbecompletedwithin36to48hours;evacuationtoalevelofcarethatcanprovide
appropriateurgentsurgery.
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LEVEL2
Assumptions:Realorsuspectedradiationexposure;100percentlitterpatients;alert,cooperative

andoriented;VS:pulsegreater than100,B/P100/60,norespiratory distress;evidenceofclosed intra-
abdominal hemorrhage and injury. Radiation effects include: apprehension and agitation; n/v 5 to 30
percent;mildheadache;pretreatmentwithantiemeticsdecreasevomitingandpossiblyincreasefatigability;
radiationmaycontributetomorbidityatthislevel.

Treatment:25percentexploratorylaparoscopyat thislevel;generalanesthesia;2dIV;NGtube,
parenteral pain medications (morphine), HCT, type and cross, blood, irrigation and debridement,
hemorrhagecontrol,hemostaticagents,IVantibiotics,dressing,cardiacmonitor,pulseoximeter,ventilator,
Foleycatheter. Remaining75percent:  IV fluidsLR100percent;rest;30percent IV/IMantiemetics;
reassurance/counseling.Note:Allsurgerymustbecompletedwithin36to48hours;evacuationtoalevelof
carethatcanprovideappropriateurgentsurgery.Ifappropriatesurgeryhasbeenprovidedatthislevel,then
routineevacuation(25percent)toLevel3;otherwiseurgentairtransport(75percent).

LEVEL3
Assumptions:  Real or suspected radiation exposure; litter patient;Class III hemorrhage;VS:

pulse 120, B/P 100/70, respirations normal; alert; oriented.  Radiation effects include: apprehension
andagitation;n/v5 to30percent;mildheadache;pretreatmentwithantiemeticsdecreasesvomiting;25
percentwillreceiveappropriatewoundclosuresurgeryatLevel2;radiationmaycontributetomorbidityat
thislevel.

Treatment: EMT:VS;primaryassessment,IV restartedin20percent,give2litersLR;2dIV
started; IV antibiotics; parenteralmorphine; Foley catheter; NG tube; LAB: 100 percent CBC with
differential,UA,TCfor4units;x-rays:chest,50percentpelvisfilms.LAB:100percentdrawoneblood
specimen per patient for biodosimetry red top tube (clot) (keep refrigerated), for radiation exposure
prognosis.

OR:75percentofpatientsarrivingatLevel3.Laparotomy anddrainageofliver
injuryundergeneralanesthesia;50percentlargeborecentralline;IVantibiotics;8litersRL;2unitsblood;
arterialline10percent.Lab:CBC,bloodgases;ORtabletimeó120minutes.Note:Allsurgerymustbe
completedwithin36to48hoursofradiationexposure.

WARDS: 25 percent of patients arriving atLevel 3ódirect admit fromLevel 2.
ICU:100percentofpatientsarrivingatLevel3.VS;maintainIVfluids;IV

antibiotics;parenteralmorphine;Foleycathetercare;draincare;NGtubecare, NPO;10percentmaintain
ETtubeandventilatorwithO2, extubate before leaving ICU; 90 percent on O2 by mask; maintain central
line andmonitoring and arterial line; cardiacmonitor and pulse oximeter; dressing reinforcement; dc
central/arterial linebefore leaving ICU. LAB:CBCwithdifferential twicedaily,electrolytes,clotting
studies,Amylase,LFTsonadmission;x-ray:chest,10percentc-spine.Considercytokines(G-CSF480
mcgsubcutaneousdaily).

ICW:  100 percent of patients arriving at Level 3 will be transferred
fromICUbyday2.VS;IVswithIVantibiotics;parenteralpainmedications;25percentonO2bymask;
Foley catheter care;maintainNG tube;NPO; dressing reinforcement;drain care. Consider cytokines
(G-CSF480mcgsubcutaneousdaily);CBCwithdifferentialsthreetimesdaily.Routineairtransport100
percent.

MCW:None.
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C-35. TreatmentBriefNo.12:Radiationat125ñ530cGyWithOperativeTrauma

LEVEL1A
Assumptions:  Significant radiation exposure; 100 percent litter patient; alert, cooperative and

oriented;VSpulsegreaterthan100,B/P100/60,norespiratorydistress,evidenceofclosedintra-abdominal
hemorrhageandinjury.Radiationeffectsinclude:apprehensionandagitation;n/v50to90percent;mild
headache;fatigueandweakness25to60percent;pretreatmentwithantiemeticsdecreasevomiting;radiation
doesnotcontributetomortalityatthislevel.

Treatment:StartIV100percent(LR);reassurance;100percentprioritygroundtransport.

LEVEL1B
Assumptions: Significant radiation exposure; 100 percent litter patients; alert, cooperative and

oriented;VS:pulsegreaterthan100,B/P100/60,norespiratorydistress;evidenceofclosedintra-abdominal
hemorrhageandinjury.Radiationeffectsinclude:apprehensionandagitation;n/v50to90percent;mild
headache;fatigueandweakness25to60percent;pretreatmentwithantiemeticsdecreasevomiting;radiation
contributestomorbidityatthislevel.

Treatment:VS;maintainIVLRin100percent;stabilizationandIMmorphine;reassurance;90
percentKytrilIV;10percentcervicalspinestabilized;100percenturgentairtransport.Note:Allsurgery
mustbecompletedwithin36to48hours;evacuationtoalevelofcarethatcanprovideappropriateurgent
surgery.

LEVEL2
Assumptions:Significantandpotentiallylethalradiationexposure;100percentlitterpatients;alert,

cooperativeandoriented;VS:pulsegreater than100,B/P100/60,no respiratorydistress;evidenceof
closedintra-abdominalhemorrhageandinjury.Radiationeffectsincludeapprehensionandagitation;n/v50
to90percent;mildheadache;fatigueandweakness25to60percent;pretreatmentwithantiemeticsmay
decreasevomiting;radiationcontributestomorbidityatthislevel.Automatedcellcounteravailable.

Treatment:25percentexploratorylaparotomyatthislevel;generalanesthesia;2dIV;NGtube,
parenteral pain medications (morphine), HCT, type and cross, blood, irrigation and debridement,
hemorrhagecontrol,hemostaticagents,IVantibiotics,dressing,cardiacmonitor,pulseoximeter,ventilator,
Foleycatheter.Remaining75percent:90percentIVantiemetics(Kytril),counseling.LAB:CBCwith
differentials twicedailyuntil transferred. Note:Allsurgerymustbecompletedwithin36 to48hours;
evacuationtoalevelofcarethatcanprovideappropriateurgentsurgery.Ifappropriatesurgeryhasbeen
providedatthislevel,thenroutineevacuation(25percent)toLevel3;otherwiseurgentairtransport(75
percent).

LEVEL3
Assumptions:  Significant and potentially lethal radiation exposure; litter patient; Class III

hemorrhage;VS:pulse120,B/P100/70,respirationsnormal;alert;oriented. Radiationeffects include
apprehensionandagitation;n/v50to90percent;mildheadache;fatigueandweakness25to60percent;
pretreatmentwithantiemeticsmaydecreasevomiting;radiationcontributestomorbidityatthislevel.25
percentwillreceiveappropriatesurgeryatLevel2;radiationwillcontributetomortalityandmorbidityat
thislevel.Radiationatthislevelcombinedwithtraumamultipliesmortalityratesoverbaselinevalues.

Treatment: EMT:VS;primaryassessment,IVrestartedin20percent,give2litersLR;2dIV
started;IVantibiotics;parenteralmorphine;Foleycatheter;NGtube;lab:CBCwithdifferential,UA,TC
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for4units;x-rays:chest,50percentpelvisfilms,90percentIVantiemetic(Kytril);100percentdrawone
bloodspecimenperpatientforbiodosimetryredtoptube(clot).

OR:75percentof patientsarrivingatLevel3.Laparotomyanddrainageofliver
injuryundergeneralanesthesia;50percentlargeborecentralline;IVantibiotics;8litersLR;2unitsblood;
arterialline10percent.LAB:CBC,bloodgases;ORtabletimeó120minutes.Note:Allsurgerymustbe
completedwithin36ó48hoursofradiationexposure.

WARDS: ICU:100percentofpatientsarrivingatLevel3.VS;maintainIVfluids;
IV antibiotics; parenteralmorphine; Foley catheter care; drain care;NG tube care,NPO; 10 percent
maintainETtubeandventilatorwithO2,extubatebeforeleavingICU;90percentonO2bymask;maintain
centrallineandmonitoringandarterialline;cardiacmonitorandpulseoximeter;dressingreinforcement;
dccentral/arteriallinebeforeleavingICU.LAB:CBCwithdifferentialtwicedaily,electrolytes,clotting
studies,Amylase,LFTsonadmission;x-ray:chest,10percentc-spine.Administercytokines(G-CSF480
mcgsubcutaneousdaily)in100percent.100percentdrawbloodspecimensforHLAtyping(threeyellow
toptubes[ACD][keeprefrigerated]).Reverseisolation.

ICW:100percentofpatientsarrivingatLevel3willbetransferredfrom
ICUbyday2.VS;IVswithIVantibiotics;parenteralpainmedications;25percentonO2bymask;Foley
cathetercare;maintainNGtube;NPO;dressingreinforcement;draincare.Administercytokines(G-CSF
480mcgsubcutaneousdaily)in100percent.LAB:CBCwithdifferentialstwicedaily.100percentdraw
bloodspecimensforHLAtyping(threeyellowtoptubes[ACD];keeprefrigerated).Reverseisolation.100
percenturgentairtransport.

MCW:None.

C-36. TreatmentBriefNo.13:Radiation>530cGyWithOperativeTrauma

LEVEL1A
Assumptions:Criticaltolethalradiationexposure;100percentlitterpatient;VS:pulsegreaterthan

100, B/P 100/60, no respiratory distress, evidence of closed intra-abdominal hemorrhage and injury.
Extremeradiationdoseswillcauseneurologicaldeficits;additionalradiationeffectsinclude:apprehension
andagitation;n/v100percent;fatigueandweakness100percent;pretreatmentwithantiemeticsmayhave
noeffects;radiationmaycontributetomorbidityatthislevel.Criticalradiationinjurywithmajortrunkand/
orheadtraumaplacespatientinexpectantcategory.

Treatment: Start IV100percent (LR) reassurance. Patientswithmajor traumaandhighdose
radiationhavethelowesttransportpriority;95percentexpectantpatientsroutinegroundtransport;5percent
nonexpectantpatientsurgentgroundtransport.

LEVEL1B
Assumptions:Critical to lethalradiationexposure;100percent litterpatients;VS:pulsegreater

than100,B/P100/60,norespiratorydistress;evidenceofclosedintra-abdominalhemorrhageandinjury.
Extremeradiationdoseswillcauseneurologicaldeficits;additionalradiationeffectsinclude:apprehension
andagitation;n/v100percent;fatigueandweakness100percent;pretreatmentwithantiemeticsmayhave
noeffects;radiationcontributestomorbidityatthislevel.Criticalradiationinjurywithmajor trunkand/or
headtraumaplacespatientinexpectantcategory.

Treatment: VS: Maintain IVLR in5percent (nonexpectant); stabilization and IMmorphine;
reassurance; 90 percentKytril IV; 10 percent cervical spine stabilized; 5 percentOverflyóurgent air
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transport,95percentroutinegroundtransport.Note:Allsurgerymustbecompletedwithin36to48hours;
evacuationtoalevelofcarethatcanprovideappropriateurgentsurgery.

LEVEL2
Assumptions:Critical to lethalradiationexposure;100percent litterpatients;VS:pulsegreater

than100,B/P100/60,norespiratorydistress;evidenceofclosedintra-abdominalhemorrhageandinjury.
Extremeradiationdoseswillcauseneurologicaldeficits;additionalradiationeffectsinclude:apprehension
andagitation;n/v100percent;fatigueandweakness100percent;pretreatmentwithantiemeticsmayhave
noeffects;radiationcontributestomorbidityatthislevel.Criticalradiationinjurywithmajortrunkand/or
head trauma places the patient in expectant category.  Radiation at this level combinedwith trauma
multipliesmortalityratesoverbaselinevalues.

Treatment:Parenteralpainmedications(morphine);100percentroutinegroundtransport.

LEVEL3
Assumptions:Criticaltolethalradiationexposure;litterpatient;ClassIIIhemorrhage;VS:pulse

120,B/P100/70,respirationsnormal.Extremeradiationdoseswillcauseneurologicaldeficits;additional
radiationeffectsinclude:apprehensionandagitation;n/v100percent;fatigueandweakness100percent;
pretreatmentwithantiemeticsmayhavenoeffects;radiationcontributestomorbidityandmortalityatthis
level.Criticalradiationinjurywithmajortrunkand/orheadtraumaplacespatientinexpectantcategory.
Radiationatthislevelcombinedwithtraumamultipliesmortalityratesoverbaselinevalues.

Treatment: EMT: VS; primary assessment, 3 percent of patients arriving at Level 3 are
nonexpectantrequiringsurgery.IVrestarted,give2 litersLR;2dIVstarted;IVantibiotics;parenteral
morphine;Foleycatheter;NGtube;LAB:CBCwithdifferential,UA,TCfor4units;x-rays:chest,50
percent pelvis films, 90 percent IV antiemetic (Kytril); 97 percent of patients arriving atLevel 3 are
expectantandtransferredtoMCW.OnehundredpercentofpatientsarrivingatLevel3drawoneblood
specimenperpatientforbiodosimetryredtoptube(clot).

OR:3percentofpatientsarrivingatLevel3.Laparotomyanddrainageofliverinjury
undergeneralanesthesia;50percent largeborecentral line; IVantibiotics;8 litersRL;4unitsblood;
arterialline10percent.LAB:CBC,bloodgases;ORtabletimeó120minutes.Note:Allsurgerymustbe
completedwithin36to48hoursofradiationexposure.

WARDS: ICU:3percentofpatientsarrivingatLevel3.VS;maintainIVfluids;IV
antibiotics;parenteralmorphine;Foleycathetercare;draincare;NGtubecare,NPO;10percentmaintain
ETtubeandventilatorwithO2,extubatebeforeleavingICU;90percentonO2bymask;maintaincentral
line andmonitoring and arterial line; cardiacmonitor and pulse oximeter; dressing reinforcement; dc
central/arterial linebefore leaving ICU. LAB:CBCwithdifferential twicedaily,electrolytes,clotting
studies,Amylase,LFTsonadmission.Administercytokines(480mcgG-CSF)subcutaneousdailyin100
percent. Draw blood specimens forHLA typing (three yellow top tubesACD; [keep refrigerated]).
Reverseisolation.PatientsadmittedtoICUó100percentofpatientstoICWaftertwodays.

ICW:3percentofpatientsarrivingatLevel3willbetransferredfrom
ICUbyday2.VS;IVswithIVantibiotics;parenteralpainmedications;25percentonO2bymask;Foley
cathetercare;maintainNGtube;NPO;dressingreinforcement;draincare.Administercytokines(G-CSF
480mcgsubcutaneousdaily)in100percent.LAB:CBCwithdifferentialstwicedaily;100percentdraw
bloodspecimensforHLAtyping(threeyellowtoptubes[ACD][keeprefrigerated]).Reverseisolation.

MCW:Expectantpatientsonly(97percentofpatientsarrivingatLevel3);
IMpainmedicationsasneeded.PatientsadmittedtoMCWómortality90percentbysevendays.
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C-37. TreatmentBriefNo.14:Radiationat0ñ125cGyWithMildBurn

LEVEL1A
Assumptions:Realorsuspectedradiationexposure;100percentambulatorypatients;VSstable,

alertandoriented;additionalradiationeffectsinclude:apprehensionandagitation;n/v5to30percent;mild
headache;pretreatmentwithantiemeticsdecreasevomiting;radiationdoesnotcontributetomortalityatthis
level.

Treatment: Clean and dress burns; painmedication; reassurance; 100 percent routine ground
transport.

LEVEL1B
Assumptions:Realorsuspectedradiationexposure;100percentambulatorypatients;VSstable,

alertandoriented;additionalradiationeffectsinclude:apprehensionandagitation;n/v5to30percent;mild
headache;pretreatmentwithantiemeticsdecreasevomiting;radiationdoesnotcontributetomortalityatthis
level.

Treatment:VS; stabilization, IVLR;painmedication; reassurance;100percent routineground
transport.

LEVEL2
Assumptions:Realorsuspectedradiationexposure;100percentambulatorypatients;VSstable,

alertandoriented.Additionalradiationeffectsinclude:apprehensionandagitation;n/v5to30percent;mild
headache;pretreatmentwithantiemeticsdecreasesvomiting;radiationdoesnotcontributetomortalityat
thislevel.

Treatment: IV fluids LR (1 Liter); painmedication;moist cool compress/bulky dressing, one
percentofpatientsreceiveO2 (carbon monoxide poison), rest, reassurance/counseling. LAB: CBC with
differentialstwicedailyuntiltransferred;routineground/airtransport100percent.

LEVEL3
Assumptions:Realorsuspectedradiationexposure;100percentambulatorypatients;VSstable,

alertandoriented;additionalradiationeffectsinclude:apprehensionandagitation;n/v5to30percent;mild
headache;pretreatmentwithantiemeticsdecreasevomiting;radiationdoesnotcontributetomortalityatthis
level.

Treatment: EMT: VS;primary assessment.LAB:100percentdrawoneblood specimenper
patientforbiodosimetry(redtop[clot][keeprefrigerated]),CBCwithdifferentialforradiationexposure
prognosis;tetanustoxoid;topicalantibiotics.

OR:1percentofpatientsarrivingatLevel3;1percentescharotomy,underMAC
anesthesia,maintainIVs;topicalburnagents;wounddressing;ORtabletime60minutes.

WARDS: ICU:None.
ICW:30percentofpatientsarrivingatLevel3.CBCwithdifferentials

twicedaily.PatientsadmittedtoICWóroutineairtransport100percent.
MCW:70percentofpatientsarrivingatLevel3,VS;supportivecare;

pushPOfluids,advancediet.LAB:100percentCBCwithdifferentialstwicedaily;topicalburnagents;
wounddressing.PatientsadmittedtoMCWóRTD10percent;routineairtransport90percent.
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C-38. TreatmentBriefNo. 15: Radiation at 125ñ530 cGyWithMildBurn (Without treatment
90percentmortality.)

LEVEL1A
Assumptions:Significantradiationexposure;75percentambulatorypatients;VSstable,alertand

oriented;additionalradiationeffectsinclude:apprehensionandagitation;n/v50to90percent;mildheadache;
mildfatigabilityandweakness25ó60percent;pretreatmentwithantiemeticsdecreasevomiting;radiation
doesnotcontributetomortalityatthislevel.

Treatment: Cleananddressburns; reassurance;25percent IMmorphine;75percentoralpain
medications;100percentprioritygroundtransport.

LEVEL1B
Assumptions:  Significant radiation exposure; 80 percent ambulatory patients; 20 percent litter

patients;VSstable,alertandoriented;additionalradiationeffectsinclude:apprehensionandagitation;n/v
50 to 90 percent;mild headache;mild fatigability andweakness 25 to 60 percent; pretreatmentwith
antiemeticsdecreasesvomiting;radiationdoesnotcontributetomortalityatthislevel.

Treatment:VS:Stabilization,IVLR,and25percentIMmorphine;reassurance;90percentIV
antiemetics,100percentprioritygroundtransport.

LEVEL2
Assumptions:  Significant radiation exposure; 75 percent ambulatory patients; 25 percent litter

patients;VSstable,alertandoriented;additionalradiationeffectsinclude:apprehensionandagitation;n/v
50 to 90 percent;mild headache;mild fatigability andweakness 25 to 60 percent; pretreatmentwith
antiemeticsdecreasesvomiting;radiationdoesnotcontributetomortalityatthislevel.

Treatment:  IV fluidsLR (1Liter) and IV/IMmorphine;moist cool compress/bulky dressing,
1percentofpatientsreceiveO2 (carbonmonoxidepoison),rest,reassurance;counseling. LAB: CBC
with differential twice daily until transferred; attempt reverse isolation; 100 percent priority ground
transport.

LEVEL3
Assumptions:Significantradiationexposure;norespiratoryinjuries;75percentambulatorypatients;

25percentlitterpatients;VSstable,alertandoriented;additionalradiationeffectsinclude:apprehension
and agitation; n/v 30 to 60 percent;mild headache;mild fatigability andweakness 25 to 60 percent;
pretreatmentwithantiemeticsdecreasevomiting.

Treatment: EMT: VS;primaryassessment. LAB: Drawonebloodspecimenperpatient for
biodosimetry(red top[clot][keeprefrigerated])CBCwithdifferentialforradiationexposureprognosis,
parenteral/oralmorphine;tetanustoxoid;topicalantibiotics.

OR:  1 percent escharotomy, underMAC anesthesia,maintain IVs; topical burn
agents;wounddressing;ORtabletime60minutes.

WARDS: ICU:None.
ICW:100percentofpatientsarrivingatLevel3.CBCwithdifferentials

twicedaily.DrawbloodspecimensforHLAtyping(threeyellowtoptubes[ACD][keeprefrigerated]).
Cytokines(G-CSF480mcgsubcutaneousdaily).SixtypercentIVantiemetics.Reverseisolation.Patients
admittedtoICWó100percentpriorityairtransport.

MCW:None.



C-25

FM 4-02.283/NTRP 4-02.21/AFMAN 44-161(I)/MCRP 4-11.1B

C-39. Treatment Brief No. 16:  Radiation >530 cGy With Mild Burn (Without treatment
100percentmortality.)

LEVEL1A
Assumptions:Criticaltolethalradiationexposure;100percentlitterpatients;VSstable,alertand

oriented.Centralneurologicaldeficitswillbeindicativeofextremeradiationdoses.Additionalradiation
effectsinclude:apprehensionandagitation;n/v90to100percent;fatigueandweakness90to100percent;
pretreatmentwithantiemeticsmayhavenoeffects;radiationmaycontributetomorbidityatthislevel.

Treatment:  Clean and dress burns; IMmorphine; reassurance; 100 percent priority ground
transport.

LEVEL1B
Assumptions:Criticaltolethalradiationexposure;100percentlitterpatient;VSalertandoriented;

centralneurologicaldeficitswillbe indicativeof extreme radiationdoses. Additional radiation effects
include: apprehension and agitation; n/v 90 to 100 percent; fatigue andweakness 90 to 100 percent;
pretreatmentwith antiemeticsmayhaveno effects; radiationwill contribute tomorbidity at this level.
Criticalradiationinjurywithpersistentcentralneurologicalsignsplacespatientinexpectantcategory(10
percentofpatientsatthislevel).

Treatment:VS:startIVLRinnonexpectantpatients(90percentofpatients);stabilizationandIM
morphine/IV antiemetics; reassurance;90percentpriorityground transport;10percent routineground
transport.

LEVEL2
Assumptions:Criticaltolethalradiationexposure;100percentlitterpatients;VSstable,alertand

oriented.Centralneurologicaldeficitswillbeindicativeofextremeradiationdoses;additionalradiation
effectsinclude:apprehensionandagitation;n/v90to100percent;fatigueandweakness90to100percent;
pretreatmentwith antiemeticsmay have no effect; radiationwill contribute tomorbidity at this level.
Criticalradiationinjurywithpersistentcentralneurologicalsignsplacespatientinexpectantcategory(10
percentofpatientsatthislevel).Automateddifferentialcellcounteravailable.

Treatment:MaintainIVfluidsLRandIV/IMmorphine;100percentinjectableantiemetics;moist
coolcompress/bulkydressing,1percentofpatientsreceiveO2(carbonmonoxidepoison),rest,reassurance/
counseling. LAB: CBCwith differentials twice daily until transferred; attempt reverse isolation; 10
percentroutineground/airtransport,90percentpriorityairtransport.

LEVEL3
Assumptions:Criticaltolethalradiationexposure;100percentlitterpatient;norespiratoryinjuries.

VSstable;centralneurologicaldeficitswillbeindicativeofextremeradiationdoses;additionalradiation
effectsinclude:apprehensionandagitation;n/v90to100percent;fatigueandweakness90to100percent;
pretreatmentwithantiemeticsmayhavenoeffects;radiationwillcontributetomorbidityandmortalityat
this level. Criticalradiation injurywithpersistentcentralneurologicalsignsplacespatient inexpectant
category.

Treatment: EMT:VS;primaryassessment.LAB:100percentdrawonebloodspecimenper
patientforbiodosimetry(redtop[clot][keeprefrigerated]),CBCwithdifferentialforradiationexposure
prognosis;parenteral/oralmorphine;tetanustoxoid;topicalantibiotics.
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OR: 1 percent escharotomy, underMAC anesthesia,maintain IVs; topical burn
agents;wounddressing;ORtabletime60minutes.Thirddegreeburnexcisionskingraftsmustbeinplace
by48hours.

WARDS: ICU:None.
ICW:80percentofpatientsarrivingatLevel3.CBCwithdifferentials

twicedailytimesfourdays.Administercytokines(480mcgG-CSF)subcutaneousdailyin100percent;
CBCwithdifferentialstwicedailytimesfourdays.DrawbloodspecimensforHLAtyping(threeyellowtop
tubes[ACD][keeprefrigerated]);reverseisolation.PatientsadmittedtoICWómortality12percentatthis
levelat5to7days;60percentpriorityairtransport;38percentroutineairtransport.

MCW:20percentofpatientsarrivingatLevel3;expectantpatientsonly;
IMmorphineasneeded.PatientsadmittedtoMCWómortality100percentbysevendays.

C-40. TreatmentBriefNo.17:Radiationat0ñ125cGyWithModerateBurn

LEVEL 1A
Assumptions:Realorsuspectedradiationexposure;100percentambulatorypatients;bothupper

extremities involved inburn; alert;oriented;VS: stable;noother apparent injuries. Radiation effects
include:apprehensionandagitation;n/v5 to30percent;mildheadache;pretreatmentwithantiemetics
decreasevomiting;radiationdoesnotcontributetomortalityatthislevel.

Treatment: Cleananddressburns;80percent IMmorphine; reassurance;100percentpriority
groundtransport.

LEVEL1B
Assumptions: Realorsuspected radiationexposure;20percentambulatorypatients;80percent

litterpatients;VSstable,alertandoriented. Radiationeffects include:apprehensionandagitation;n/v
5 to 30 percent;mild headache; pretreatment with antiemetics decrease vomiting; radiation does not
contributetomortalityatthislevel.

Treatment:VS:Stabilization,100percentIVLR;reassurance;80percentIMmorphine/antiemetics;
100percentprioritygroundtransport.

LEVEL2
Assumptions:Realorsuspectedradiationexposure;100percentambulatorypatients;VSstable,

alertandoriented.Radiationeffectsinclude:apprehensionandagitation;n/v5to30percent;mildheadache;
pretreatmentwithantiemeticsdecreasevomiting;radiationdoesnotcontribute tomortalityat this level.
Automateddifferentialcellcounteravailable.

Treatment:VS:Stabilization;100percentIVLRand80percentIV/IMmorphine;IVantiemetic;
rest, reassurance,counseling. LAB: CBCwithdifferentials twicedailyuntil transferred;100percent
priorityground/airtransport.

LEVEL3
Assumptions: Realorsuspected radiationexposure;20percentambulatorypatients;80percent

litterpatients;VSstable,alertandoriented. Radiationeffects include:apprehensionandagitation;n/v
5 to 30 percent;mild headache; pretreatment with antiemetics decrease vomiting; radiation does not
contributetomorbidityandmortalityatthislevel.
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Treatment: EMT: VS;primaryassessment. LAB:Drawoneblood specimenperpatient for
biodosimetry(redtop[clot][keeprefrigerated]);CBCwithdifferentialforradiationexposureprognosis.
StartIVinunburnedareaon20percent,give3litersLR;tetanustoxoid;topicalantibiotics;debridementin
EMT.

OR: 10percentescharotomy,underMACanesthesia,maintain IVís; topicalburn
agents;wounddressing;ORtabletime60minutes.Comment:For3ddegreeburnexcisionskingraftsmust
beinplaceby48hours(thosewith6to10percent3ddegreeburns).

WARDS: ICU:None.
ICW:100percentofpatientsarrivingatLevel3;CBCwithdifferentials

twicedaily. IV/IMmorphine;(topicalantibiotic);IVLR6 litersperday;generalsurgeonconsult;PT
consult;CBCwithdifferentialstwicedailytimesfourdays.Reverseisolation;culturesurveillancebeginning
day3.Patientsadmitted toICWómortality5percentestimatedat this levelat5 to7days;95percent
prioritytransport.

MCW:None.

C-41. TreatmentBriefNo.18:Radiationat125ñ530cGyWithModerateBurn(Withouttreatment
100percentmortality.)

LEVEL1A
Assumptions: Significant radiationexposure;100percent litterpatients;bothupperextremities

involved in burn; alert; oriented; VS: stable; no other apparent injuries.  Radiation effects include:
apprehensionandagitation;n/v50to90percent;mildheadache;fatigueandweakness25to60percent;
pretreatmentwithantiemeticsdecreasesvomiting;radiationdoesnotcontributetomortalityatthislevel.

Treatment:  Clean and dress burns; 100 percent IV LR; painmedication prn, IMmorphine;
reassurance;100percentprioritygroundtransport.

LEVEL1B
Assumptions:  Significant radiation exposure; 100 percent litter patients;VS stable, alert and

oriented.Radiationeffectsinclude:apprehensionandagitation;n/v50to90percent;mildheadache;fatigue
andweakness 25 to 60 percent; pretreatmentwith antiemetics decreases vomiting; radiation does not
contributetomortalityatthislevel.

Treatment:  VS; stabilization, maintain IV LR; reassurance; injectable pain medication (IM
morphine)antiemeticmedication;100percentprioritygroundtransport.

LEVEL2
Assumptions:  Significant radiation exposure; 100 percent litter patients;VS stable, alert and

oriented.Radiationeffectsinclude:apprehensionandagitation;n/v50to90percent;mildheadache;fatigue
and weakness 25 to 60 percent; pretreatment with antiemetics decrease vomiting; radiation does not
contributetomortalityatthislevel.Automateddifferentialcellcounteravailable.

Treatment:VS:Stabilization,100percentIVLR,90percentIVantiemeticsandpainmedication
(IV/IMmorphine); reassurance;attempt reverse isolationasoperationalconstraintsand logistics allow;
100percentpriorityground/airtransport.
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LEVEL3
Assumptions:  Significant radiation exposure; 100 percent litter patients;VS stable, alert and

oriented.Radiationeffectsinclude:apprehensionandagitation;n/v50to90percent;mildheadache;fatigue
andweakness25to60percent;pretreatmentwithantiemeticsdecreasevomiting;radiationdoescontribute
tomorbidityandmortalityatthislevel.

Treatment: EMT: VS;primaryassessment. LAB: Drawonebloodspecimenperpatient for
biodosimetry(redtop[clot][keeprefrigerated]);CBCwithdifferentialevery6hoursforradiationexposure
prognosis,electrolytesevery12hours.StartIVinunburnedareaon20percent,give3litersLR;tetanus
toxoid;topicalantibiotics;debridementinEMT.

OR: 10percent escharotomy,underMAC anesthesia,maintain IVs; topicalburn
agents;wounddressing;ORtabletime60minutes.Comment:For3ddegreeburnexcisionskingraftsmust
beinplaceby48hours(thosewith6to10percent3ddegreeburnsand<300cGy).

WARDS: ICU:None.
ICW:100percentofpatientsarrivingatLevel3;CBCwithdifferentials

twicedaily. IV/IMmorphine;(topicalantibiotic);IVLR6 litersperday;generalsurgeonconsult;PT
consult;administercytokines(480mcgG-CSF)subcutaneousdailyin100percent;CBCwithdifferentials
twicedailydrawblood specimens forHLA typing (threeyellow top tubes [ACD] [keep refrigerated]).
Reverseisolation.Culturesurveillancebeginningday3.PatientsadmittedtoICWómortality40percent
estimatedatthislevelat5 to7days,30percentto(MCWóExpectant),60percentpriorityairtransport.

MCW:30percentofpatientsarrivingatLevel3(transferredfromICW);
100percentIV/IMmorphineforpaincontrol.

C-42. TreatmentBriefNo.19:Radiation>530cGyWithModerateBurn(Withorwithouttreat-
ment100percentmortality.)

LEVEL 1A
Assumptions:Criticaltolethalradiationexposure;100percentlitterpatients;bothupperextremities

involvedinburn;alert;oriented;VS:stable;nootherapparentinjuries.Centralneurologicaldeficitswillbe
indicativeofextremeradiationdoses;additionalradiationeffectsinclude:apprehensionandagitation;n/v
100 percent; fatigue and weakness 100 percent; pretreatment with antiemeticsmay have no effects;
radiationmaycontributetomorbidityatthislevel.

Treatment:  Clean and dress burns; IMmorphine; reassurance; 100 percent priority ground
transport.

LEVEL1B
Assumptions:Criticaltolethalradiationexposure;100percentlitterpatient;VSstable,alertand

oriented.Centralneurologicaldeficitswillbeindicativeofextremeradiationdoses;additionalradiation
effectsinclude:apprehensionandagitation;n/v100percent;fatigueandweakness100percent;pretreatment
withantiemeticsmayhavenoeffects;radiationwillcontributetomorbidityatthislevel.Criticalradiation
injurywithpersistent centralneurological signsplaces thepatient in expectant category (10percent of
patientsatthislevel).

Treatment:VS:IVLRinnonexpectantpatients(70percentofpatientsatthispoint);stabilization
and injectablemorphine/antiemeticmedication; reassurance; 70 percent priority ground transport; 30
percentroutinegroundtransport.
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LEVEL2
Assumptions:Criticaltolethalradiationexposure;100percentlitterpatients;VSstable.Central

neurological deficitswill be indicative of extreme radiation doses; additional radiation effects include:
apprehensionandagitation;n/v100percent;fatigueandweakness100percent;pretreatmentwithantiemetics
mayhavenoeffects; radiationwillcontribute tomorbidityat this level. Critical radiation injurywith
persistentcentralneurologicalsignsplacespatientinexpectantcategory(10percentofpatientsatthislevel).
Automateddifferentialcellcounteravailable.

Treatment:100percentIVfluidsLRandIV/IMmorphine;100percentinjectableantiemetics;rest,
reassurance/counseling.  LAB:  CBC with differentials twice daily until transferred; attempt reverse
isolation;70percentpriorityairtransport;30percentroutinegroundtransport.

LEVEL3
Assumptions:Criticaltolethalradiationexposure;100percentlitterpatient;VSstable.Central

neurological deficitswill be indicative of extreme radiation doses; additional radiation effects include:
apprehensionandagitation;n/v100percent;fatigueandweakness100percent;pretreatmentwithantiemetics
mayhavenoeffects;radiationwillcontributetomortalityandmorbidityatthislevel.Criticalradiation
injurywithpersistent centralneurological signsplaces thepatient in expectant category (10percentof
patientsatthislevel).

Treatment: EMT:VS;primaryassessment,100percentIVantiemetics.LAB:Drawoneblood
specimenperpatientforbiodosimetry(redtop[clot][keeprefrigerated]);CBCwithdifferentialevery6
hours for radiation exposureprognosis, electrolytes every12hours. Start IV inunburned areaon20
percent,give3litersLR;tetanustoxoid;topicalantibiotics;debridementinEMT.

OR: 10percentescharotomy,underMACanesthesia,maintain IVís; topicalburn
agents;wounddressing;ORtabletime60minutes.Comment:For3ddegreeburnexcisionskingraftsmust
beinplaceby48hours.

WARDS: ICU:20percentofpatientsarrivingatLevel3;maintainIVs;topicalburn
agents;wounddressing;administercytokines(480mcgG-CSF)subcutaneousdailyin100percent;LAB:
CBCwithdifferentials twicedaily. Drawblood forHLA typing (threeyellow top tubes [ACD] [keep
refrigerated]).Reverseisolation.PatientsadmittedtoICUó100percenttoICWaftertwodays.

ICW:50percentofpatientsarrivingatLevel3;CBCwithdifferentials
twicedaily. IV/IMmorphine;(topicalantibiotic);IVLR6 litersperday;generalsurgeonconsult;PT
consult.Administercytokines(480 mcgG-CSF)subcutaneousdailyin100percent;CBCwithdifferentials
twicedaily.DrawbloodspecimensforHLA typing(threeyellowtoptubes[ACD];keeprefrigerated).
Reverseisolation.PatientsadmittedtoICWat5to7days;75percentestimatedmortalityatthislevel;30
percentpriorityairtransport.

MCW:30percentofpatientsarrivingatLevel3,expectantpatients;IM/
IVmorphineasneeded.PatientsadmittedtoMCWómortality100percentbysevendays.

C-43. TreatmentBriefNo. 20: Radiation at 0ñ125 cGyWith SevereBurn (Without treatment
20percentmortality.)

LEVEL1A
Assumptions:Realorsuspectedradiationexposure;100percent litterpatients;VSstable,alert,

oriented,bothextremitiesinjured;noothertraumaticinjuries.Radiationeffectsinclude:apprehensionand
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agitation;n/v5to30percent;pretreatmentwithantiemeticsdecreasesvomiting;radiationdoesnotcontribute
tomortalityatthislevel.Deathsandexpectantdesignationinaccordancewithburnprotocols.

Treatment:Cleananddressburns;100percentIVLR;IMmorphine;reassurance;100percent
prioritygroundtransport.

LEVEL1B
Assumptions:Realorsuspectedradiationexposure;100percent litterpatients;VSstable,alert,

oriented,bothextremitiesinjured;noothertraumaticinjuries.Radiationeffectsinclude:apprehensionand
agitation;n/v5to30percent;pretreatmentwithantiemeticsdecreasesvomiting;radiationdoesnotcontribute
tomortalityatthislevel.

Treatment:  VS: Stabilization, IV LR (1 Liter); reassurance; injectable morphine/antiemetic
(Promethazine)medication;100percentprioritygroundtransport.

LEVEL2
Assumptions:Realorsuspectedradiationexposure;100percent litterpatients;VSstable,alert,

oriented,bothextremitiesinjured;noothertraumaticinjuries.Radiationeffectsinclude:apprehensionand
agitation;n/v5to30percent;pretreatmentwithantiemeticsdecreasesvomiting;radiationdoesnotcontribute
tomortalityatthislevel.Automateddifferentialcellcounteravailable.

Treatment:VS:Stabilization;IVfluidsLRandIV/IMmorphine;rest,reassurance/counseling.90
percentIVantiemetics.Moistcoolcompress/bulkydressing,10percentofpatientsO2,splint.LAB:CBC
withdifferentialstwicedailyuntiltransferred;100percentpriorityairtransport.

LEVEL3
Assumptions:Realorsuspectedradiationexposure;100percent litterpatients;VSstable,alert,

oriented,both extremities injured;noother traumatic injuries. Radiation effects include: apprehension
andagitation;n/v5 to30percent;pretreatmentwithantiemeticsdecreasesvomiting;radiationdoesnot
contributetomorbidityandmortalityatthislevel.Deathsandexpectantdesignationinaccordancewithburn
protocols.

Treatment: EMT: VS;primaryassessment. LAB: Drawonebloodspecimenperpatient for
biodosimetry(redtop[clot][keeprefrigerated]),CBCwithdifferentialforradiationexposureprognosis.
MaintainLRIVs;topicalantibiotics;IM/IVmorphine;forcedfluids;dressingchanges.

OR: 50percentofpatientsarrivingatLevel3undergodebridementof thehands;
MACanesthesia;2litersLR;ORtabletime60minutes.

WARDS: ICU:  50 percent of patients arriving at Level 3.  LAB: CBC with
differentials twicedaily.MaintainLRIVs; topicalantibiotics;IM/IVmorphine;forcedfluids;dressing
changes.Reverseisolation.PatientsadmittedtoICUó100percenttransferredoutofICUaftertwodays
(50percentAIREVAC;45percentofpatientstoICW;5percenttoMCW).

ICW:70percentofpatientsarrivingatLevel3;VS;maintainIVs;physical
therapyconsult; topicalantibiotics; IM/IVmorphine; forced fluids;dressingchanges. LAB:CBCwith
differentials twice daily. Reverse isolation; culture surveillance beginning day 3; patients admitted to
ICWó100percentpriorityairtransport.

MCW:10percentofpatients arrivingatLevel3.Mortality100percentby
day7.
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C-44. TreatmentBriefNo.21: Radiationat125ñ530cGyWithSevereBurn (Without treatment
100percentmortality.)

LEVEL1A
Assumptions:Significantradiationexposure;100percentlitterpatients;VS:stable,alert,oriented,

bothextremitiesinjured;noothertraumaticinjuries.Additionalradiationeffectsinclude:apprehensionand
agitation;n/v50to90percent;mildheadache;fatigueandweakness25to60percent;pretreatmentwith
antiemeticsdecreasesvomiting;radiationdoesnotcontributetomortalityat thislevel.

Treatment:Cleananddressburns;100percentIVLR;IMmorphine;reassurance;100percent
prioritygroundtransport.

LEVEL1B
Assumptions:Significantradiationexposure;100percentlitterpatients;VSstable,alert,oriented,

bothextremitiesinjured;noothertraumaticinjuries.Additionalradiationeffectsinclude:apprehensionand
agitation;n/v50to90percent;mildheadache;fatigueandweakness25to60percent;pretreatmentwith
antiemeticsdecreasesvomiting;radiationdoesnotcontributetomortalityat thislevel.

Treatment:VS:Stabilization,IVLR(1Liter),andIMmorphine;reassurance;100percentpriority
groundtransport.

LEVEL2
Assumptions:Significantradiationexposure;100percentlitterpatients;VSstable,alert,oriented,

bothextremitiesinjured;noothertraumaticinjuries.Additionalradiationeffectsinclude:apprehensionand
agitation;n/v50to90percent;mildheadache;fatigueandweakness25to60percent;pretreatmentwith
antiemeticsdecreasevomiting;radiationwillnotcontributetomortalityatthislevel.Thirddegreeburn
patientsareexpectant.Automateddifferentialcellcounteravailable.

Treatment:Thirddegreeburnpatients(50percentofpatientsarrivingatLevel2);100percentIV/
IMmorphineasneededforpain;100percentinjectableantiemeticmedication;reassurance;routineground
transport.Seconddegreeburnpatients(50percentofpatientsarrivingatLevel2):VS:Stabilization,100
percentIVLR(2liters),andIV/IMmorphine;moistcoolcompress/bulkydressing,10percentofpatients
O2,splint,CBCwithdifferential.Reassurance;100percentpriorityairtransport.

LEVEL3
Assumptions:Significantradiationexposure;100percentlitterpatients;VSstable,alert,oriented,

bothextremitiesinjured;noothertraumaticinjuries.Additionalradiationeffectsinclude:apprehensionand
agitation;n/v50to90percent;mildheadache;fatigueandweakness25to60percent;pretreatmentwith
antiemetics decreases vomiting; radiationwill significantly contribute tomortality at this level. Third
degreeburnpatientsareexpectant.

Treatment: EMT: VS;primaryassessment. LAB: Drawonebloodspecimenperpatient for
biodosimetry(redtop[clot][keeprefrigerated]),CBCwithdifferentialforradiationexposureprognosis.
MaintainLRIVs;topicalantibiotics;IM/IVmorphine;forcedfluids;dressingchanges.

OR: 50percentofpatientsarrivingatLevel3undergodebridementof thehands;
MACanesthesia;2litersLR;ORtabletimeó60minutes.

WARDS: ICU:None.
ICW:50percentofpatientsarrivingatLevel3;VS;maintainIVs;physical

therapyconsult;topicalantibiotics;IM/IVmorphine;forcedfluids;dressingchanges;CBCwithdifferentials
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twicedaily.Reverseisolation.DrawbloodspecimensforHLAtyping(threeyellowtoptubes[CD][keep
refrigerated]).Cytokines(G-CSF480mcgsubcutaneousdaily).PatientsadmittedtoICWó100percent
priorityairtransport.

MCW: 50percentofpatientsarrivingatLevel3areexpectant;IM/IV
morphineforpainasneeded.PatientsadmittedtoMCWómortality100percentby15days.Comment:
Approximately67percentofexpectantpatientswillhaveaprolongeddyingprocessofgreater thanone
week.Routineairtransportwhenandifavailable.

C-45. TreatmentBriefNo.22:Radiation>530cGywithSevereBurn(Withorwithouttreatment
100percentmortality.)

LEVEL1A
Assumptions:Criticaltolethalradiationexposure, but100percentmortalitywhencombinedwith

thisseverityofburninjury;litterpatient;centralneurologicaldeficitswillbeindicativeofextremeradiation
doses. Additional radiation effects include: apprehension and agitation; n/v 100 percent; fatigue and
weakness100percent;pretreatmentwithantiemeticsmayhavenoeffects.

Treatment:Cleananddressburns;IMmorphine;reassurance;100percentroutinegroundtransport.

LEVEL1B
Assumptions:Criticaltolethalradiationexposure, but100percentmortalitywhencombinedwith

thisseverityofburninjury;litterpatient;centralneurologicaldeficitswillbeindicativeofextremeradiation
doses. Additional radiation effects include: apprehension and agitation; n/v 100 percent; fatigue and
weakness100percent;mortality10percentatthislevel.

Treatment:Comfortmeasuresonly;100percentmorphineIV/IMasneededforpain,100percent
injectableantiemeticmedication;reassurance;90percentroutinegroundtransport.

LEVEL2
Assumptions:Criticaltolethalradiationexposure, but100percentmortalitywhencombinedwith

thisseverityofburninjury;litterpatient;centralneurologicaldeficitswillbeindicativeofextremeradiation
doses. Additional radiation effects include: apprehension and agitation; n/v 100 percent; fatigue and
weakness100percent;mortality50percentwithin24hours.

Treatment:Comfortmeasuresonly;100percentmorphineIV/IMasneededforpain,100percent
injectableantiemeticmedication;reassurance;100percentroutineground/airtransport.

LEVEL3
Assumptions:Criticaltolethalradiationexposure, but100percentmortalitywhencombinedwith

thisseverityofburninjury;litterpatient;centralneurologicaldeficitswillbeindicativeofextremeradiation
doses. Additional radiation effects include: apprehension and agitation; n/v 100 percent; fatigue and
weakness100percent.

Treatment: EMT:Patientsareallexpectant.LAB:Drawonebloodspecimenperpatientfor
biodosimetry(redtop[clot][keeprefrigerated]),CBCwithdifferentialforradiationexposure.

OR:None.
WARDS: ICU:None.

ICW:None.
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MCW:100percentofpatientsarrivingatLevel3areexpectant.IMpain
medications(morphine)asneeded.PatientsadmittedtoMCWómortality100percentbyfivedays.

C-46. TreatmentBriefNo.23: Radiationat0ñ125cGywithOperativeTraumaandMildBurn

LEVEL1A
Assumptions:Realorsuspectedradiationexposure;litterpatient;alert,cooperativeandoriented;

VS pulse greater than 100, B/P 100/60, no respiratory distress, evidence of closed intra-abdominal
hemorrhageandinjury.Radiationeffectsinclude:apprehensionandagitation,n/v5to30percent;mild
headache; pretreatmentwith antiemetics decrease vomiting and possibly increase fatigability; radiation
doesnotcontributetomortalityatthisechelon.

Treatment:Dressopenwounds;startIV100percent(LR);IMmorphine;reassurance;100percent
prioritygroundtransport.

LEVEL1B
Assumptions:Realorsuspectedradiationexposure;100percentlitterpatients,alert,cooperative

andoriented;VS:pulsegreater than100,B/P100/60,norespiratory distress;evidenceofclosed intra-
abdominal hemorrhage and injury. Radiation effects include: apprehension and agitation; n/v 5 to 30
percent;mildheadache;pretreatmentwithantiemeticsdecreasevomitingandpossiblyincreasefatigability;
radiationdoesnotcontributetomortalityatthislevel.

Treatment: VS:Maintain IVLR in 100 percent; stabilization and IMmorphine; reassurance;
30percentIV/IMantiemetics(Kytril);10percentcervicalspinestabilized;100percenturgentairtransport.
Note:Allsurgerymustbecompletedwithin36to48hours;evacuationtoalevelofcarethatcanprovide
appropriateurgentsurgery.

LEVEL2
Assumptions:Realorsuspectedradiationexposure;100percentlitterpatients;alert,cooperative

andoriented;VS:pulsegreater than100,B/P100/60,norespiratorydistress;evidenceofclosed intra-
abdominalhemorrhageandinjury;thermalburnstoextremities.Radiationeffectsinclude:apprehension
and agitation; n/v 5 to 30 percent;mild headache;mild fatigability andweakness 25 to 60 percent;
pretreatmentwithantiemeticsdecreasevomitingandpossibly increasefatigability;radiationmaycontribute
tomorbidityatthislevelduetoimmunosuppression.

Treatment:25percentexploratorylaparotomyatthislevel;generalanesthesia;2dIV;NGtube,
parenteral pain medications (morphine), HCT, type and cross, blood, irrigation and debridement,
hemorrhagecontrol,hemostaticagents,IVantibiotics,dressing,cardiacmonitor,pulseoximeter,ventilator,
Foleycatheter,moistcoolcompress/bulkydressing,1percentO2 (carbonmonoxidepoison).Remaining75
percent:30percentIV/IMantiemetics(Kytril),topicalantibiotic,counseling.LAB:CBCwithdifferentials
twicedailyuntiltransferred.Note:Allsurgerymustbecompletedwithin36to48hours;evacuationtoa
levelofcarethatcanprovideappropriateurgentsurgery.Ifappropriatesurgeryhasbeenprovidedatthis
level,thenroutineevacuation(25percent)toLevel3;otherwiseurgentairtransport(75percent).

LEVEL3
Assumptions:Realorsuspectedradiationexposure;litterpatient;ClassIIIhemorrhage;VS:pulse

120,B/P100/70,respirationsnormal;alert;oriented.25percentwillreceiveappropriatesurgeryatLevel2.
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Radiationeffectsinclude:apprehensionandagitation;n/v5to 30percent;mildheadache;pretreatmentwith
antiemetics decreases vomiting; radiation will contribute tomorbidity at this level due to immuno-
suppression.

Treatment: EMT:VS;primaryassessment,IVrestartedin20percent,give2litersLR;2dIV
started;IVantibiotics;parenteralmorphine;Foleycatheter;NGtube.LAB:CBCwithdifferential,UA,
TCfor4units;x-rays:chest,50percentpelvisfilms,startIVinunburnedareaon20percent,give3liters
LR;tetanustoxoid;topicalantibiotics(sulfamylon);10percentdebridement;30percentIV/IMantiemetics;
100percentdrawonebloodspecimenperpatientforbiodosimetry(redtoptube[clot][keeprefrigerated])
forradiationexposureprognosis.

OR:75percentofpatientsarrivingatLevel3.Laparotomyanddrainageofliver
injuryanddebridementundergeneralanesthesia;50percentlargeborecentralline;IVantibiotics;8liters
RL;2unitsblood;arterialline10percent.LAB:CBC,bloodgases;ORtabletimeó150minutes.Note:
Allsurgerymustbecompletedwithin36to48hoursofradiationexposure.

WARDS: ICU:100percentofpatientsarrivingatLevel3;moistcoolcompress/
bulky dressing, 1 percentO2 (carbonmonoxide poison). LAB:CBCwith differential twice daily for
radiationexposureprognosis.Considercytokines(G-CSF480mcgsubcutaneousdaily);maintainIVfluids;
IV antibiotics; parenteralmorphine; Foley catheter care; drain care;NG tube care,NPO; 10 percent
maintainETtubeandventilatorwithO2,extubatebeforeleavingICU;90percentonO2 bymask;maintain
centrallineandmonitoringandarterialline;cardiacmonitorandpulseoximeter;CBCwithdifferentials
twicedaily.IV/IMmorphine;topicalantibioticsulfamylon);IVLR6litersperday;dressingreinforcement;
dccentral/arteriallinebeforeleavingICU;90percenttoICWbyday2;10percenttransferredtoMCW.
PercentagesbasedonpatientsadmittedtoICU.

ICW:90percentofpatientsarrivingatLevel3willbetransferredfrom
ICUbyday2.VS;IVswithIVantibiotics;25percentonO2bymask;Foleycathetercare;maintainNG
tube;NPO;CBCwithdifferentialstwicedaily.IV/IMmorphine;topicalantibiotic(sulfamylon);IVLR6
liters per day; dressing reinforcement; drain care,moist cool compress/bulky dressing, 1 percentO2

(carbonmonoxidepoison). LAB: CBCwithdifferential twicedaily for radiationexposureprognosis.
Consider cytokines (G-CSF480mcg subcutaneousdaily); routine air transport40percent,priority air
transport60percent.PercentagesbasedonpatientsadmittedtoICW.

MCW:10percentofpatientsarrivingatLevel3.VS;supportivecare;
IV/IMmorphine.LAB:CBCwithdifferentialtwicedaily;100percentmortality.Percentagesbasedon
patientsadmittedtoMCW.

C-47. TreatmentBriefNo.24:Radiationat125ñ530cGyWithOperativeTraumaandMildBurn
(Withouttreatment100percentmortality.)

LEVEL1A
Assumptions:Significantandpotentiallylethalradiationexposure;100percentlitterpatients;alert,

cooperativeandoriented;VS:pulsegreater than100,B/P100/60,no respiratorydistress,evidenceof
closedintra-abdominalhemorrhageandinjury.Radiationeffectsinclude:apprehensionandagitation;n/v
50 to90percent; significant fatigability andweakness25 to60percent;pretreatmentwith antiemetics
decreasevomiting;radiationdoesnotcontributetomortalityatthislevel.

Treatment:Dressopenwounds;reassurance;startIV100percent(LR);IMmorphine;100percent
prioritygroundtransport.
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LEVEL1B
Assumptions:Significantandpotentiallylethalradiationexposure;100percentlitterpatients;alert,

cooperativeandoriented;VS:pulsegreater than100,B/P100/60,no respiratorydistress;evidenceof
closedintra-abdominalhemorrhageandinjury.Radiationeffectsinclude:apprehensionandagitation;n/v
50 to 90 percent; headache; significant fatigability andweakness 25 to 60 percent; pretreatmentwith
antiemeticsdecreasevomiting;radiationdoesnotcontributetomortalityatthislevel.

Treatment:VS:Maintain IVLR in100percent;stabilizationandIVmorphine;reassurance;IV
antiemetics (Kytril);10percent cervical spine stabilized;100percenturgent air transport. Note: All
surgerymustbecompletedwithin36to48hours;evacuationtoalevelofcarethatcanprovideappropriate
urgentsurgery.

LEVEL2
Assumptions:Significantandpotentiallylethalradiationexposure.100percentlitterpatients;alert,

cooperativeandoriented;VS:pulsegreater than100,B/P100/60,no respiratorydistress;evidenceof
closed intra-abdominalhemorrhageand injury; thermalburns toextremities. Radiationeffects include:
apprehensionandagitation;n/v50to90percent;headache;significantfatigabilityandweakness25to60
percent;pretreatmentwithantiemeticsdecreasevomiting;radiationwillcontributetomorbidityatthislevel
duetoimmunosuppression.

Treatment:25percentexploratorylaparotomyatthislevel;generalanesthesia;2dIV;NGtube,
parenteral pain medications (morphine), HCT, type and cross, blood, irrigation and debridement,
hemorrhagecontrol,hemostaticagents,IVantibiotics,dressing,cardiacmonitor,pulseoximeter,ventilator,
Foleycatheter,moistcoolcompress/bulkydressing,1percentO2 (carbonmonoxidepoison).Remaining75
percent:90percentIV/IMantiemetics(Kytril),topicalantibiotic(sulfamylon),counseling.LAB:CBC
withdifferentialstwicedailyuntiltransferred.Ifappropriatesurgeryhasbeenprovidedatthislevel,then
routineevacuation(25percent)toLevel3;otherwiseurgentairtransport(75percent).Note:Allsurgery
mustbecompletedwithin36to48hours;evacuationtoalevelofcarethatcanprovideappropriateurgent
surgery.

LEVEL 3
Assumptions:Significantandpotentiallylethalradiationexposure;100percentlitterpatients;Class

IIIhemorrhage;VS:pulse120,B/P100/70,respirationsnormal;alert;oriented.Radiationeffectsinclude:
apprehensionandagitation;n/v50 to90percent;headache;fatigabilityandweakness25 to60percent;
pretreatmentwithantiemeticsdecreasesvomiting;25percentwillreceiveappropriatesurgeryatLevel2;
radiationwillcontributetomorbidityatthislevelduetoimmunosuppression.

Treatment: EMT:VS;primaryassessment,IVrestartedin20percent,give2litersLR;2dIV
started;IVantibiotics;parenteralmorphine;Foleycatheter;NGtube.LAB:CBCwithdifferential,UA,
TCfor4units;x-rays:chest,50percentpelvisfilms,startIVinunburnedareaon20percent,give3liters
LR;tetanustoxoid;topicalantibiotics(sulfamylon);10percentdebridement;30percentIV/IMantiemetics;
100percentdrawonebloodspecimenperpatientforbiodosimetry(redtoptube[clot][keeprefrigerated])
forradiationexposureprognosis.

OR:75percentofpatientsarrivingatLevel3,laparotomyanddrainageofliverinjury
anddebridementundergeneralanesthesia;50percentlargeborecentralline;IVantibiotics;8litersRL;2
unitsblood;arterialline10percent.LAB:CBC,bloodgases;ORtabletimeó150minutes.Note:All
surgerymustbecompletedwithin36to48hoursofradiationexposure.
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WARDS: ICU:100percentofpatientsarrivingatLevel3;moistcoolcompress/
bulkydressing,1percentO2 (carbonmonoxidepoison). LAB: CBCwithdifferential twicedaily for
radiationexposureprognosis;100percentcytokines (G-CSF480mcgsubcutaneousdaily);maintain IV
fluids; IV antibiotics; parenteralmorphine; Foley catheter care; drain care;NG tube care,NPO; 10
percentmaintainETtubeandventilatorwithO2,extubatebeforeleavingICU;90percentonO2bymask;
maintain central line andmonitoring and arterial line; cardiacmonitor and pulse oximeter;CBCwith
differentialstwicedaily.IV/IMmorphine;topicalantibiotic(sulfamylon);IVLR6litersperday;dressing
reinforcement;dccentral/arterial linebefore leaving ICU;20percent toMCW,50percentpriorityair
transport,and30percenttoICWbyday3.PercentagesbasedonpatientsadmittedtoICU.

ICW:30percentofpatientsarrivingatLevel3,VS;IVswithIVantibiotics;
25percentonO2bymask;Foleycathetercare;maintainNG tube;NPO;CBCwithdifferentials twice
daily.IV/IMmorphine;topicalantibiotic(sulfamylon);IVLR6litersperday;dressingreinforcement;
draincare,moistcoolcompress/bulkydressing,1percentO2 (carbonmonoxidepoison).LAB:CBCwith
differentialtwicedaily;100percentcytokines(G-CSF480mcgsubcutaneousdaily);70percentmortality;
30percentpriorityairtransport.PercentagesbasedonpatientsadmittedtoICW.

MCW:20percentofpatientsarrivingatLevel3,VS;supportivecare;IV/
IMmorphine. LAB: CBCwithdifferential twicedaily100percentmortality. Percentagesbasedon
patientsadmittedtoMCW.

C-48. TreatmentBriefNo.25:Radiation>530cGyWithOperativeTraumaandMildBurn(With
orwithouttreatment100percentmortality.)

LEVEL1A
Assumptions:Criticaltolethalradiationexposure,but100percentmortalitywhencombinedwith

thisseverityofburninjury;litterpatient;centralneurologicaldeficitswillbeindicativeofextremeradiation
doses. Additional radiation effects include: apprehension and agitation; n/v 100 percent; fatigue and
weakness100percent;pretreatmentwithantiemeticsmayhavenoeffects.

Treatment:Cleananddressburns;IMmorphine;reassurance;100percentroutinegroundtransport.

LEVEL1B
Assumptions:Criticaltolethalradiationexposure,but100percentmortalitywhencombinedwith

thisseverityofburninjury;litterpatient;centralneurologicaldeficitswillbeindicativeofextremeradiation
doses. Additional radiation effects include: apprehension and agitation; n/v 100 percent; fatigue and
weakness100percent;mortality10percentatthislevel.

Treatment:Comfortmeasuresonly;100percentmorphineIV/IMasneededforpain,100percent
injectableantiemeticmedication;reassurance;90percentroutinegroundtransport.

LEVEL2
Assumptions:Criticaltolethalradiationexposure,but100percentmortalitywhencombinedwith

thisseverityofburninjury;litterpatient;centralneurologicaldeficitswillbeindicativeofextremeradiation
doses. Additional radiation effects include: apprehension and agitation; n/v 100 percent; fatigue and
weakness100percent;mortality50percentwithin24hours.

Treatment:Comfortmeasuresonly;100percentmorphineIV/IMasneededforpain,100percent
injectableantiemeticmedication;reassurance;100percentroutineground/airtransport.
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LEVEL3
Assumptions:Criticaltolethalradiationexposure,but100percentmortalitywhencombinedwith

thisseverityofburninjury;litterpatient;centralneurologicaldeficitswillbeindicativeofextremeradiation
doses. Additional radiation effects include: apprehension and agitation; n/v 100 percent; fatigue and
weakness100percent.

Treatment: EMT:Patientsareallexpectant.LAB:Drawonebloodspecimenperpatientfor
biodosimetry(redtop[clot][keeprefrigerated]),CBCwithdifferentialforradiationexposure.

OR:None.
WARDS: ICU:None.

ICW:None.
MCW:100percentofpatientsarrivingatLevel3;expectantpatientsonly;

IMpainmedications(morphine)asneeded.PatientsadmittedtoMCWómortality100percentbyfivedays.

C-49. TreatmentBriefNo.26:Radiationat0ñ125cGyWithOperativeTraumaandModerateBurn
(Withouttreatment100percentmortality.)

LEVEL1A
Assumptions:Realorsuspectedradiationexposure;100percentlitterpatients;alert,cooperative

andoriented;VSpulsegreater than100,B/P100/60,no respiratorydistress,evidenceofclosed intra-
abdominalhemorrhageand injury. Radiationeffects include:apprehensionandagitation;n/v50 to90
percent;mildheadache;pretreatmentwithantiemeticsdecreasevomiting;radiationdoesnotcontributeto
mortalityatthislevel.

Treatment:Dressopenwounds;startIV100percent(LR);IMmorphine;reassurance;100percent
prioritygroundtransport.

LEVEL1B
Assumptions:Realorsuspectedradiationexposure;100percentlitterpatients;alert,cooperative

andoriented;VS:pulsegreater than100,B/P100/60,norespiratorydistress;evidenceofclosed intra-
abdominalhemorrhageand injury. Radiationeffects include:apprehensionandagitation;n/v50 to90
percent;mildheadache;pretreatmentwithantiemeticsdecreasevomiting;radiation contributestomorbidity
atthislevel.

Treatment:VS:MaintainIVLRin100percent;stabilizationandIMmorphine;reassurance;90
percentKytrilIV;10percentcervicalspinestabilized;100percenturgentairtransport.Note:Allsurgery
mustbecompletedwithin36to48hours;evacuationtoalevelofcarethatcanprovideappropriateurgent
surgery.

LEVEL2
Assumptions:Realorsuspectedradiationexposure;100percentlitterpatients;alert,cooperative

andoriented;VS:pulsegreater than100,B/P100/60,norespiratorydistress;evidenceofclosed intra-
abdominalhemorrhageandinjury;thermalburnstoextremities.Radiationeffectsinclude:apprehension
andagitation;n/v50to90percent;mildheadache;pretreatmentwithantiemeticsmaydecrease vomiting;
radiationcontributestomorbidityatthislevel.Automatedcellcounteravailable.

Treatment:25percentexploratorylaparotomyatthislevel;generalanesthesia;2dIV;NGtube,
parenteral pain medications (morphine), HCT, type and cross, blood, irrigation and debridement,
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hemorrhagecontrol,hemostaticagents,IVantibiotics,dressing,cardiacmonitor,pulseoximeter,ventilator,
Foleycatheter.Remaining75percent:90percentIVantiemetics(Kytril),topicalantibiotic(sulfamylon),
counseling. LAB: CBCwith differentials twice daily until transferred. Note: All surgerymust be
completedwithin36to48hours;evacuationtoalevelofcarethatcanprovideappropriateurgentsurgery.If
appropriate surgery has been provided at this level, then routine evacuation (25 percent) toLevel 3;
otherwiseurgentairtransport(75percent).

LEVEL3
Assumptions:Realorsuspectedradiationexposure;100percentlitterpatients;ClassIIIhemorrhage;

VS:pulse120,B/P100/70,respirationsnormal;alert;oriented.Radiationeffectsinclude:apprehension
andagitation;n/v50to90percent;mildheadache;pretreatmentwithantiemeticsmaydecreasevomiting;
radiation contributes tomorbidity at this level;25percentwill receive appropriate surgery atLevel2;
radiationwillcontribute tomortalityandmorbidityat this level. Radiationat this levelcombinedwith
traumamultipliesmortalityratesoverbaselinevalues.

Treatment: EMT:VS;primaryassessment,IVrestartedin20percent,give2litersLR;2dIV
started;IVantibiotics;parenteralmorphine;Foleycatheter;NGtube.LAB:CBCwithdifferential,UA,
TCfor4units;x-rays:chest,50percentpelvisfilms.StartIVinunburnedareaon20percent,give3liters
LR; tetanus toxoid; topical antibiotics (sulfamylon); 10 percent debridement; 90 percent IV antiemetic
(Kytril);100percentdrawonebloodspecimenperpatientforbiodosimetryredtoptube(clot)forradiation
exposureprognosis.

OR:75percentofpatientsarrivingatLevel3.Laparotomyanddrainageofliver
injuryanddebridementundergeneralanesthesia;50percentlargeborecentralline;IVantibiotics;8liters
RL;2unitsblood;arterialline10percent.LAB:CBC,bloodgases;ORtabletimeó150minutes.Note:
Allsurgerymustbecompletedwithin36to48hoursofradiationexposure.

WARDS: ICU: 100percentofpatientsarrivingatLevel3. VS; IVantibiotics;
parenteralmorphine;Foleycathetercare;draincare;NGtubecare,NPO;10percentmaintainETtubeand
ventilatorwithO2, extubate before leaving ICU; 90 percent on O2 by mask; maintain central line and
monitoring and arterial line; cardiacmonitor and pulse oximeter.  IV/IMmorphine; topical antibiotic
(sulfamylon);IVLR6litersperday;dressingreinforcement;dccentral/arteriallinebeforeleavingICU.
LAB:CBCwithdifferentialtwicedaily,electrolytes,clottingstudies,Amylase,LFTsonadmission;x-ray:
chest,10percentc-spine.Administercytokines(G-CSF480mcgsubcutaneousdaily)in100percent.100
percentdrawbloodspecimensforHLAtyping(threeyellowtoptubes[ACD][keeprefrigerated]).Reverse
isolation.

ICW:90percentofpatientsarrivingatLevel3willbetransferredfrom
ICUbyday 2.VS;IVantibiotics;25percentonO

2
bymask;Foleycathetercare;maintainNGtube;NPO;

CBCwithdifferentialstwicedaily.IV/IMmorphine;topicalantibiotic(sulfamylon);IVLR6litersperday;
dressing reinforcement;draincare. Administercytokines (G-CSF480mcg subcutaneousdaily) in100
percent.LAB:CBCwithdifferentialstwicedaily;100percentdrawbloodspecimensforHLAtyping(three
yellowtoptubes[ACD][keeprefrigerated]).Reverseisolation.Tenpercentmortality;90percentpriority
airevacuation.

MCW:10percentofpatientsarrivingatLevel3willbecomeexpectant
andtransferredfromICUbyday2.Mortality100percent.
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C-50. TreatmentBriefNo.27:Radiationat0ñ125cGyWithOperativeTraumaandSevereBurn
(Withouttreatment100percentmortality.)

LEVEL1A
Assumptions:Realorsuspectedradiationexposure;100percentlitterpatients;VS:pulsegreater

than100,B/P100/60,norespiratorydistress;alert,oriented,bothextremitiesburned,evidenceofclosed
intra-abdominalhemorrhageandinjury.Radiationeffectsinclude:apprehensionandagitation;n/v5to30
percent;mildheadache;pretreatmentwithantiemeticsdecreasevomitingandpossiblyincreasefatigability;
radiationdoesnotcontributetomortalityatthislevel.

Treatment:Dressopenwoundsandburns;reassurance;startIVLR100percent,IMmorphine;100
percenturgentgroundtransport.

LEVEL1B
Assumptions:Realorsuspectedradiationexposure;100percentlitterpatients,alert,cooperative

andoriented;VS:pulsegreater than100,B/P100/60,norespiratorydistress;evidenceofclosed intra-
abdominal hemorrhage and injury, both extremities burned.  Additional radiation effects include:
apprehensionandagitation;n/v5 to30percent;mildheadache;pretreatmentwithantiemeticsdecrease
vomitingandpossiblyincreasefatigability;radiationdoesnotcontributetomortalityatthislevel.

Treatment:VS:MaintainIVLRin100percent;stabilizationandIMmorphine;100percentIV
antiemetics (promethazine); reassurance; reevaluate dressing; 10 percent cervical spine stabilized; 100
percenturgentairtransport.

LEVEL2
Assumptions:Realorsuspectedradiationexposure;100percentlitterpatients,alert,cooperative

andoriented;VS:Pulsegreaterthan100,B/P100/60,norespiratorydistress;evidenceofclosedintra-
abdominalhemorrhageand injury.Additionalradiationeffects include:apprehensionandagitation;n/v
5 to30percent;mildheadache;pretreatmentwith antiemeticsdecreasevomiting andpossibly increase
fatigability;radiationwillcontributetomorbidityatthislevelduetoimmunosuppression.

Treatment:25percentexploratorylaparotomyatthislevel;generalanesthesia;2dIV;NGtube,
parenteral pain medications (morphine), HCT, type and cross, blood, irrigation and debridement,
hemorrhagecontrol,hemostaticagents,IVantibiotics,dressing,cardiacmonitor,pulseoximeter,ventilator,
Foley catheter,moist cool compress/bulky dressing, 10 percent escharotomy, 10 percent 02, splint.
Remaining75percent:IVfluidsLR100percent;rest;30percentIV/IMantiemetics.LAB:CBCwith
differential;reassurance/counseling.Note:Allsurgerymustbecompletedwithin36to48hours;evacuation
toalevelofcarethatcanprovideappropriateurgentsurgery.Ifappropriatesurgeryhasbeenprovidedat
thislevel,thenroutineevacuation(25percent)toLevel3;otherwiseurgentairtransport(75percent).

LEVEL3
Assumptions:Realorsuspectedradiationexposure;100percentlitterpatients,ClassIIIhemorrhage,

alert;oriented;VSpulse120,B/P100/70,respirationsnormal.Radiationeffectsinclude:apprehensionand
agitation;n/v5to30percent;mildheadache;pretreatmentwithantiemeticsdecreasesvomiting;25percent
willreceiveappropriatewoundclosuresurgeryatLevel2;radiationwillcontributetomorbidityatthislevel
duetoimmunosuppression.

Treatment: EMT:VS;primaryassessment,IVrestartedin20percent,give2litersLR;2dIV
started; IV antibiotics; parenteralmorphine;Foley catheter;NG tube. LAB:  100 percentCBCwith
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differential,UA,TCfor4units;x-rays:chest,50percentpelvisfilms;dopplerassessment,tetanustoxoid,
topicalantibiotics(sulfamylon);LAB:100percentdrawonebloodspecimenperpatientforbiodosimetry
(redtoptube[clot][keeprefrigerated]),forradiationexposureprognosis.

OR:75percentofpatientsarrivingatLevel3.Laparotomyanddrainageofliver
injuryundergeneralanesthesia;50percent largeborecentralline;IVantibiotics;8litersLR;2unitsblood;
arterialline10percent.LAB:CBC,bloodgases;50percentescharotomyforburn;MACanesthesia;2
litersLR;ORtabletimeó120minutes.Note:Allsurgerymustbecompletedwithin36to48hoursof
radiationexposure.

WARDS: 25percentofpatients arriving atLevel3ódirect admit fromLevel2.
ICU:100percentofpatientsarrivingatLevel3.VS;maintainIVfluids;

IV antibiotics; parenteralmorphine; Foley catheter care; drain care;NG tube care,NPO; 10 percent
maintainETtubeandventilatorwithO2,extubatebeforeleavingICU;90percentonO2 bymask;maintain
centrallineandmonitoringandarterialline;cardiacmonitorandpulseoximeter;dressingreinforcement;
dc central/arterial line before leaving ICU; topical antibiotics; 20 percent cytokines (G-CSF 480mcg
subcutaneousdaily).LAB:CBCwithdifferentialtwicedaily,electrolytes,clottingstudies,Amylase,LFTs
onadmission;x-ray:chest,10percentc-spine. Twenty-percent to ICWbyday3;60percentpriority
transport;20percenttoMCW.PercentagesbasedonpatientsadmittedtoICU.

ICW:20percentofpatientsarrivingatLevel3;LAB:CBCwithdifferential
twicedaily times fourdays for radiation exposureprognosis. VS; IVswith IV antibiotics; parenteral
morphine;topicalantibiotics(sulfamylon),25percentonO2bymask;Foleycathetercare;maintainNG
tube;NPO; dressing reinforcement; drain care, doppler. Twenty-percent cytokines (G-CSF 480mcg
subcutaneousdaily).Mortality50percent,priorityairtransport50percent.Percentagesbasedonpatients
admittedtoICW.

MCW:20percentofpatientsarrivingatLevel3;VS;supportivecare.
LAB:  CBC with differential twice daily for radiation exposure prognosis. 100 percent mortality.
PercentagesbasedonpatientsadmittedtoMCW.

C-51. TreatmentBriefNo.28: Radiation>125 cGyWithOperativeTraumaandModerateor
SevereBurn(Withorwithouttreatment100percentmortality.)

LEVEL1A
Assumptions:Criticaltolethalradiationexposure,but100percentmortalitywhencombinedwith

thisseverityofburninjury;litterpatient;centralneurologicaldeficitswillbeindicativeofextremeradiation
doses. Additional radiation effects include: apprehension and agitation; n/v 100 percent; fatigue and
weakness100percent;pretreatmentwithantiemeticsmayhavenoeffects.

Treatment:Cleananddressburns;IMmorphine;reassurance;100percentroutinegroundtransport.

LEVEL1B
Assumptions:Criticaltolethalradiationexposure,but100percentmortalitywhencombinedwith

thisseverityofburninjury;litterpatient;centralneurologicaldeficitswillbeindicativeofextremeradiation
doses. Additional radiation effects include: apprehension and agitation; n/v 100 percent; fatigue and
weakness100percent;mortality10percentatthislevel.

Treatment:Comfortmeasuresonly;100percentmorphineIV/IMasneededforpain,100percent
injectableantiemeticmedication;reassurance;90percentroutinegroundtransport.
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LEVEL2
Assumptions:Criticaltolethalradiationexposure,but100percentmortalitywhencombinedwith

thisseverityofburninjury;litterpatient;centralneurologicaldeficitswillbeindicativeofextremeradiation
doses. Additional radiation effects include: apprehension and agitation; n/v 100 percent; fatigue and
weakness 100percent;mortality50percentwithin24hours.

Treatment:Comfortmeasuresonly;100percentmorphineIV/IMasneededforpain,100percent
injectableantiemeticmedication;reassurance;100percentroutineground/airtransport.

LEVEL3
Assumptions:Criticaltolethalradiationexposure,but100percentmortalitywhencombinedwith

thisseverityofburninjury;litterpatient;centralneurologicaldeficitswillbeindicativeofextremeradiation
doses. Additional radiation effects include: apprehension and agitation; n/v 100 percent; fatigue and
weakness100percent.

Treatment: EMT:Patientsareallexpectant.LAB:Drawonebloodspecimenperpatientfor
biodosimetry(redtop[clot][keeprefrigerated]),CBCwithdifferentialforradiationexposure.

OR:None.
WARDS: ICU:None.

ICW:None.
MCW:100percentofpatientsarrivingatLevel3;expectantpatientsonly;

IMpainmedications(morphine)asneeded.PatientsadmittedtoMCW:Mortality100percentbyfivedays.
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GLOSSARY

Section I.  ABBREVIATIONS AND ACRONYMS

ABCA American, British, Canadian and Australian

ACD acid-citrate dextrose

ADM atomicdemolitionmunition

AFMAN UnitedStatesAirForceManual

ALARA as lowasreasonablyachievable

ALCM air launched cruisemissile

AMEDDC&S ArmyMedicalDepartmentCenterandSchool

ANC absoluteneutrophilcount

ARS acuteradiationsyndrome

ATC air transportable clinic

ATH air transportablehospital

atm atmospheres (ofpressure)

BAS battalionaidstation

BDO battle dress overgarment

BEIRV BiologicalEffectsofIonizingRadiations,5thConsensusSummary

BID bis in die(twiceaday)

BP bloodpressure

Bq Becquerel

BSA bodysurfacearea

BUN bloodureanitrogen

BW biological warfare
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C Celsius/carbon

C/kg-air coulombsperkilograminair

CaDTPA calcium diethylenetriaminepentaacetic acid

CaEDTA calcium ethylenediaminetetraacetate

cal calorie

CAM chemicalagentmonitor

CBC completebloodcount

CBF cerebralbloodflow

cc cubic centimeter(s)

CD-ROM compact diskñread-onlymemory

CFU colony-formingunits

cGy centiGray

cGy/hr centiGrayperhour(0.01Gy=1rad)

ChRS chronicradiationsyndrome

Ci curie

cm centimeter(s)

CMV cytomegalovirus

CNS centralnervoussystem (syndrome)

Co cobalt

CONUS continentalUnitedStates

CRS CutaneousRadiationSyndrome

CRTS casualtyreceivingandtreatmentship

CSCU CombatStressControlUnit

CSF colonystimulatingfactor(s)
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CSH combatsupporthospital

cSv centiSievert(0.01Sv=1rem)

CT computedtomography

CV cardiovascular

CV/CVN aircraft carrier designation

CW chemical warfare

DA DepartmentoftheArmy

DECON decontamination

DIA Defense IntelligenceAgency

DMPS 2,3-dimercapto-1-propanesulfonic acid

DMSA meso-2,3-dimercaptosuccinic acid

DNA deoxyribonucleicacid

DNBI diseaseandnonbattleinjury

DOD Department ofDefense

DODI DepartmentofDefense Instruction

DOE DepartmentofEnergy

DTPA diethylenetriaminepentaacetic acid (pentetic acid)

DU depleteduranium

D/W dextrose inwater

E energy

Ebq exabecquerel(1018Bq)

EDTA ethylenediaminetetraacetic acid (edetic acid)
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EMG electromyography

EMP electromagnetic pulse

EMT emergencymedical treatment

ER enhanced radiation

erg electroretinogram

ETI early transient incapacitation

ETI-PD early transient incapacitationandperformancedecrement

Ev electronvolt

F Fahrenheit

FAST forward area surgical team

FDA FoodandDrugAdministration

FFP fresh frozenplasma

FM fieldmanual

FSMC forwardsupportmedicalcompany

FST forward surgical team

FSU formerSovietUnion

GBq GigaBequerel

G-CSF granulocyte-colonystimulatingfactor(s)

GI gastrointestinal

GLCM ground-launchedcruisemissile

gm gram(s)

GM-CSF granulocytemacrophage-colonystimulatingfactor
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gm/dl gram/deciliter

GTX granulocyte transfusions

GU genitourinary

GVHD graft-versus-host disease

Gy gray(1Gy=100rads)

H hydrogen

HA heavy armor

HCT hematocrit

He helium

HE highexplosive

HEPA highefficiencyparticulateair

HEU highlyenriched uranium

HLA humanleukocyteantigen

HOB heightofburst

HQDA Headquarters,Departmentof theArmy

HREC health record

hrs hours

HSS healthservicesupport

I iodine/Interservice

IAEA InternationalAtomicEnergyAgency

ICBM intercontinentalballisticmissile

ICRP InternationalCouncilonRadiationProtection
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ICU intensivecareunit

ICW intermediate care ward

IFN interferon

Ig immunoglobulin

IL Interleukin

IM intramuscular

IND improvisednucleardevices

IU internationalunit

IV intravenous(ly)

JRCAB JointReadinessClinicalAdvisoryBoard

K potassium

K103 potassiumiodate

kBq thousandbecquerels

KE kineticenergy

kg kilogram(s)

km kilometer(s)

kPa kilopascals

KT kiloton(s)

l liter

LAB laboratorydiagnostictests

LBRM longrangeballisticmissile(intercontinentalballisticmissile[ICBM])

LD lethaldose
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LET linear energy transfer

LIHOPO ahydroxypridizoneligand

LLR low-level radiation

LR laboratory report

m mass

MASCAL mass casualty

MASF mobileaeromedicalstagingfacility

MBq Mega Becquerel

mCi millicurie

mcg microgram

MCRP MarineCorpsReferencePublication

MCW minimal careward

MD doctorofmedicine

MES medicalequipmentsets

mg milligram(s)

MGDF/Tpo megakaryocytegrowthanddevelopmentfactor/thrombopoietin

mGy milligray(0.001Gy;10mGy=1rad)

ml milliliter(s)

mm millimeter(s)

mm3 cubicmillimeter

mo month

MOLLE modularlightweightload-carryingequipment

MOPP mission-orientedprotectiveposture
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MOX mixedoxide

mph milesperhour

mrad millirad

MRBM mediumrangeballisticmissile

mrem millirem

MRI magnetic resonance imaging

mSv milliSievert(0.001Sv;10mSv=1rem)

MT megaton

MTF medical treatment facility

MUPS medicallyunexplainedphysicalsymptoms

MW megawatt

Na sodium

NATO NorthAtlanticTreatyOrganization

NAVMEDP USNavyMedicalPublication

NBC nuclear,biological,andchemical

NCRP NationalCouncilonRadiationProtection

NDI nondestructive inspection

NIGA neutron-inducedgroundactivity

nm nanometer

NPO nil per os(nothingbymouth)

NRC NuclearRegulatoryCommission

NTRP NavyTacticalReferencePublication

n/v nausea/vomiting
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n/v/d nausea/vomiting/diarrhea

NVD nightvisiondevice

NW nuclear warfare

O2 oxygen

ODS OperationDesertStorm

OEG operationalexposureguidance

OR operating room

OSHA OccupationalSafetyandHealthAct

PAF plateletactivating factor

PBq picoBecquerel

PBSC peripheralbloodstemcell

PBSCT peripheralbloodstemcelltransplantation

PCC prematurely condensed chromosome

PCR polymerase chain reaction

PD performance decrement

pg picograms

PHS PublicHealthService

PIES proximity,immediacy,expectancy,simplicity(mnemonicfortreatmentofpsychiatriccasualties)

PMN polymorphonuclearneutrophil

PO per os (bymouth)

PO
2

plutoniumoxide

ppm partspermillion
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PPW patientprotectivewrap

PR per rectum

PRBC peripheralredbloodcell

prn pro re nata(fortheemergency,asneeded)

psi poundspersquareinch

PTSD post-traumatic stress disorder

PTX pentoxifylline

Pu plutonium

PVNTMED preventivemedicine

PWR pressurized water reactor

q quaque(every)

QD quaque die(everyday)

QF qualityfactor

QID quater in die(fourtimesaday)

QSTAG Quadripartite Standardization Agreement

R roentgen

Ra radium

rad radiationabsorbeddose

RADIAC radiationdetection,identification,andcomputation

RBC redbloodcell

RBE relative biological effectiveness

R&D research anddevelopment
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RDD radiologicaldispersaldevice

REAC/TS RadiationEmergencyAssistanceCenter/Training Site

rem roentgenequivalent inman/mammal

RES radiationexposurestatus

Rn radon

RNA ribonucleic acid

RPL radiophotoluminescent

RTD returntoduty

Rx amedicalprescription

SAT serum-agglutinating titers

SD skindose

sec second(s)

SI systems international

SLBM submarine launchedballisticmissile

SNM special nuclearmaterial

SOP standardoperatingprocedure(s)

SQ subcutaneous

SRBM shortrangeballisticmissile

SSB single-strand break(s)

STANAG Standardization Agreement

Sv Sievert(SIunitofroentgendoseequivalent)

TB Treatment Brief(s)
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TBq Tera Bequerel

TCDO tetrachlorodekaoxide

TDM trehalose dimycolate

TID ter in die(threetimesaday)

TG TechnicalGuide

TGF-beta transforminggrowthfactorbeta

ThO thoriumoxide

TLAM/N Tomahawk land attackmissile/nuclear

TLD thermo-luminescent dosimeter

TMP trimethoprim

TNF tumornecrosis factor

TNT trinitrotoluene

TO theaterofoperations

TPN totalparenteralnutrition

TSH thyroid-stimulatinghormone

TSST-1 toxicshocksyndrometoxin-1

µ microns

µCi microcurie

µg microgram

µl microliter

U uranium

UO2 uraniumoxide

US United States
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alphaparticle apositivelychargedparticleejectedfromthenucleusofaradioactiveatom,beingahigh-
speedionizedatomofhelium.Astreamoftheseparticlesconstitutesalpharays.

aplasia lackofdevelopmentofanorganortissue,orofthecellularproductsfromanorganortissue.

atomicnumber thenumberofprotonsinanatomicnucleus.

betaparticle anelectronemittedfromanatomicnucleusduringbetadecay.

bioassaysampling indirectmeansofmeasuringcontaminationinbodytissueorfluidsfromwhichbody
burdenisextrapolated.

blastwave apulseofairinwhichthepressureincreasessharplyatthefrontpropagatedbytheexplosion.

bremsstrahlung theprocessbywhichabetaparticleemitsanx-rayphotonduringitsinteractionwithan
atomicnucleus.

carcinogenesis thedevelopmentofcancer;variousmalignantgrowths thatmanifest invasivenessanda
tendencytometastasizetoanotherlocation.

cataractogenesis thedevelopmentofcataracts;opacityofthelenscausingblindness.

cerebralanoxia absenceofanoxygensupplytothebraindespiteadequateperfusionofthetissuebyblood.

congestion excessiveorabnormalaccumulationofbloodin atissueororgan.

criticalmass theminimum amount of fissilematerial capable of supporting a chain reaction under
preciselyspecifiedconditions.

critical organ body organ with an affinity for a particular substance and in which that substance
concentrates.

cytokine anonantibodyproteinreleasedbyonecellpopulationthatactsasanintercellularmediatoron
anothercellpopulation(s).Syntheticcytokinesaremetabolicallyactiveinpico-molarconcentrations.

decontamination the process ofmaking any person, object, or area safe by absorbing, destroying,
neutralizing,makingharmless,or removing chemicalorbiological agents,orby removing radioactive
materialclingingtooraroundit.

delayed fallout radioactive fallout that returns toearth later than24hoursafteranucleardetonation;
usuallyascendsintothestratosphereandisdistributedworldwide.

desquamation thesheddingofepithelialelements,chieflyoftheskin,inscalesorsmallsheets;exfoliation.
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deterministic effect one that occurs after a certain dose threshold, with the severity of the effect
determinedbythedose;example:cataractogenesis.

doserate ameasureoftheamountofionizingradiationanindividualisexposedto,perunitoftime;
commonlyexpressedinunitsofgray(orrads)perhour.

dynamicpressure pressureresultingfromsomemediuminmotion,suchastheairfollowingtheshock
frontofabastwave.

early fallout radioactive fallout that returns to earthwithin24hours after anucleardetonation; also
referredtoaslocalfallout.

edema thepresenceofabnormallylargeamountsoffluidintheintercellulartissue.

exposure ameasureof thenumberof ionizationsproducedbygammaorx-rays in avolumeof air;
expressedinunitsofroentgen.

fallout theprecipitationtoEarthofradioactiveparticulatematterfromanuclearcloud;alsoappliedtothe
particulatematter itself.

fireball theluminoussphereofhotgaseswhichformsafewmillionthsofasecondafterdetonationofa
nuclearweaponandimmediatelystartsexpandingandcooling.

fission theprocesswherebythenucleusofaheavyelementsplitsinto(generally)twonucleioflighter
elements,withthereleaseofsubstantialamountsofenergy.

fissionproducts ageneraltermforthecomplexmixtureofsubstancesproducedasaresultofnuclear
fission.

flashburn aburncausedbyexcessiveexposureoftheskintothermalradiation.

free-in-air-dose radiationthatwouldbemeasuredinairatacertainpoint.Militarytacticaldosimeters
measure free-in-air-doses.

gammarays highenergyelectromagneticradiationemittedfromatomicnucleiduringanuclearreaction.
GammaraysandveryhighenergyX-raysdifferonlyinorigin.X-raysdonotoriginatefromatomicnuclei
butareproducedinotherways.

granulocyte anycellcontaininggranulesinitscytoplasm,especiallyaleukocyte(neutrophil,basophil,or
eosinophil).

granulocytopenia agranulocytosis;asymptomcomplexconsistingofamarkeddecreaseinthenumberof
circulatingwhitebloodcells,withlesionsofthethroatandmucousmembranes.
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hematopoietic pertainingto,oreffecting,theformationofbloodcells.

hemorrhage theescapeofbloodfromthevessels;hemorrhages,classifiedaccordingtosize:petechiae
(pinpoint)orecchymoses(largerthan1centimeterindiameter).

hyperpyrexia ahighlyelevatedbodytemperature.

hypotension abnormallylowbloodpressure.

inducedradiation radiationproducedasaresultofexposure toradioactivematerials,particularly the
captureofneutrons.

ingestionpathway routeforinternalizationofradioactivecontaminants;thepathwaymostaccessiblefor
decontamination.

inhalationpathway primarypathwayforinternalizationofradioactivecontaminants.

ionization theprocessofstrippingelectronsfromtheiratomicorbitsbyradiation.

isotope oneoftwoormoreatomswhosenucleihaveequalnumbersofprotonsbutdifferentnumbersof
neutrons.

lateeffect abiologicaleffectthatoccurslongafterradiationexposureends;example:cancer.

lymphocyte amononuclearleukocyte;chieflyaproductoflymphoidtissueandparticipatesinhumoraland
cell-mediated immunity.

malformation abirthdefect;anabnormalstructureorform;example:smallhead.

morbidity theratioofsicktowellindividualsinacommunity;thesickrate.

mortality theratioofpeoplewhodietothosewhosurviveirradiation;thedeathrate.

nadir thepointatwhichabloodcountdropsto,orclosesttozero,beforebeginningtoincrease.

neutron anelectricallyneutralorunchargedparticleofmatterexistingalongwithprotonsintheatomsof
allelementsexcepttheisotopeofhydrogenwiththemassof1.

neutropenia adecreaseinthenumberofneutrophilicleukocytesintheblood.

nosocomial pertainingtoororiginatinginahospital.
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nuclearmaterial traditionally,uraniumorplutoniumusedtoproduceanucleardetonationviathefission
orfusionprocess.Thefueliscompressedintoagivenvolumetocausesupercriticality.Themajorproducts
includeblasteffects,heat,nuclearradiation,andfallout.

nucleatedbloodcell abloodcellthatcontainsanucleus,toincludewhitecellsandreticulocytes.

nucleon a proton or neutron as part of an atomic nucleus.

nuclide allnuclearspecies,bothstable(about270)andunstable(about500),ofthechemicalelements,as
distinguishedfromthetwoormorenuclearspeciesofasinglechemicalelementwhicharecalledìisotopes.î

orbitalexcitation changeinenergylevelofanorbitalelectronthatoccurswhentheenergylostbythe
incidentradiationisinsufficienttocauseionization.

overpressure the pressure resulting from the blast wave of an explosion. It is referred to as ìpositiveî
when it exceeds atmospheric pressure and ìnegativeî during the passage of thewavewhen resulting
pressuresare less thanatmosphericpressure.

pathognomonic specificallydistinctiveorcharacteristicofadiseaseorpathologiccondition;asignor
symptomonwhichadiagnosiscanbebased.

perceivedthreat athreatthatisexperiencedbyapersonsubjectivelyandoutofproportiontothereal
threatorphysicaldanger.

phagocytosis theengulfingof microorganisms,othercells,andforeignparticlesbyphagocytes.

pressor tendingtoincreasebloodpressure.

prodrome apremonitorysymptomorprecursor;asymptomindicatingtheonsetofadisease.

Prussianblue ferricferrocyanide;achemicalthatisnotabsorbedbythegastrointestinalsystemandisan
effective means to reduce the bodyís uptake of cesium, thallium, and rubidium; approved as an
investigationalnewdrugby theUnitedStatesFood andDrugAdministrationwith the license heldby
RadiationEmergencyAssistanceCenter/TrainingSite.

radioactivecloud anall-inclusivetermforthecloudofhotgases,smoke,dust,dirt,anddebrisfroma
weaponandtheenvironment.Thecloudiscarriedaloftinconjunctionwiththerisingfireballproducedby
thedetonationofanuclearweapon.

radioactivecontamination radioactivematerialin anundesirablelocationsuchasonstructures,areas,
objects,orpersonnel.
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radionuclide a radioactive nuclide; one that disintegrates with the emission of particulate or
electromagnetic radiations.

rainout radioactivematerialintheatmospherebroughtdownbyprecipitation.

relativebiologicaleffectivenesstheratioofthenumberofradsofgamma(orX)radiationofacertain
energywhichwillproduceaspecifiedbiologicaleffecttothenumberofradsofanotherradiationrequiredto
producethesameeffectistherelativebiologicaleffectivenessofthelatterradiation.

reproductivedeath thelossoftheabilitytoreproduce.Manyorgansmusthavecellsthatcanreproduce
tofunction.Thus,eventhoughinjuredcellsmayremainbiologicallyviable,reproductivedeathmaycause
irreversibleorgandamage.

scavenging the selective removal ofmaterial from the radioactive cloud by inert substances, such as
precipitation,introducedintothefireball.

sepsis thepresenceofpathogenicmicroorganisms(bacteria)ortheirtoxinsinthebloodorothertissues.

septicemia systemicdiseaseassociatedwiththepresenceandpersistenceofpathogenicmicroorganisms
ortheirtoxinsintheblood.

skinpermeability therateatwhichtheskinabsorbsaliquid;expressedasacoefficient.Thelowera
substanceíscoefficient,thegreatertherateofabsorption.

Specific ionization number of ion pairs per unit distance formed along the path of a particle, often
expressedasionpairspercentimeter.

stochasticeffect aneffectthathasno-dosethresholdandforwhichtheseverityoftheeffectisnotdose-
related,althoughitsprobabilityis;example:carcinogenesis

stratosphere thelayeroftheatmosphereabovethetroposphereinwhichthechangeoftemperaturewith
heightisrelativelysmall.

subsurfaceburst theexplosionofanuclearweaponbeneaththesurfaceoftheearth.

syndrome asetofsymptomsthatoccurtogether.

synergistic actingtogethertoenhancetheeffectofanotherforceoragent.

thermalradiation theheatandlightproducedbyanuclearexplosion.Electromagneticradiationsemitted
fromaheatorlightsourceasaconsequenceofitstemperature;itconsistsessentiallyofultraviolet,visible,
andinfraredradiations.
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totalparenteralnutrition byinjectionthroughsomerouteotherthanthealimentarycanal.

washout theremovalofradioactiveparticlesfromanuclearcloudbyprecipitationwhenthenuclearcloud
isbelowarainorsnowcloud.

weapondebris(nuclear) theresidueofanuclearweaponafterithasexploded;thatis,materialsusedfor
thecasingandothercomponentsoftheweapon,plusunexpendedplutoniumoruranium,togetherwithfission
products.

woundcontamination thepresenceofaradioactivesubstanceinawound,whetheranabrasion,puncture,
or laceration; condition inwhich the lossof intact skin increases the risk that the contaminantwillbe
absorbed.
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acute
localradiationinjury,1-2a,4-3
radiation

injury(summaryofmedicalaspects),3-17
syndrome,1-2a,3-6

cardiovascular/centralnervoussystem,3-6c
clinicalfindings/diagnosis,3-8

dosimetry,3-9
laboratorytesting,3-10
lymphocytelevels,3-10a
signsandsymptoms,3-8

firstaid,3-12
gastrointestinal,3-4bóc, 3-6c(2),3-14
hematopoietic,3-6c,3-13

effectsoncombinedinjury,3-24
lethality/lethaldose,3-6b

withmedicalintervention,3-6b(2)
withoutmedicalintervention,3-6b(1)

phases,3-6a
latent,3-6a,3-6c(2)(b)
manifestillness,3-6a(2)ó(3),3-14,3-17
prodromal,3-6a(1),3-6c(2)(b)
recovery,3-20d

subsyndromes,3-6a(3),3-6c, 3-12ó17
antiemetic,3-8a,Tables3-6ó9,AppendixBandC
ArmedForcesMedicalServices,1-1a
atomic,2-2a

demolitionmunitions,1-6b

blast,2-1,2-5a,2-6
firstaid,3-20
hazards,2-6

directblastinjury,2-6a
indirectblastwinddragforces,2-6b

crushandtranslationalinjuries,2-6b(1)
missileinjury,2-6b(2)

rangeofdamage,2-9
treatmentof,3-20

bioassay/medicalassay,3-10b,4-2b,4-2c(2)
biological,2-1ó2,2-3c,2-9,3-18,3-24,4-1,4-4,4-10b

warfare, 3-26
weapons,3-18,3-26



Index-2

FM 4-02.283/NTRP 4-02.21/AFMAN 44-161(I)/MCRP 4-11.1B

bonemarrow,3-3b(2),3-4,3-6c, fóg,3-16ó17
effects(ofradiation),3-4a
transplant,3-13fóg, 3-17

carcinogenesis,5-3,5-8
cancertypes,5-8d
excessradiation-inducedcancers,5-8b
risk,5-8b

cataractformation,5-9
cellulareffectsofionizingradiations,3-3
chemical,1-2d(1),1-2e(1),4-4,4-9, 4-10c(1),5-14a

agent,6-7a
defense,3-8
weapons,1-5a,1-7,3-18,3-25

Chernobyl,1-2d(1)(b)
psychologicalfactorsat,6-5b
treatmentofcutaneousradiationsyndromeat,4-7

combinedinjury,2-1,3-1,3-11a(1),3-18,3-20ñ21,3-24
biologicalweaponsandradiation,3-26
blastinjuries,1-2a,3-12,3-19

treatmentof,3-20
chemicalweaponsandradiation,3-25
hematopoieticeffectsof,3-24
thermalinjury,1-2a,3-21

determiningseverityof,3-22
treatmentof,3-23

consequencemanagement,3-11
cutaneousradiationsyndrome,4-5a,4-6ó7

treatmentof,4-7
cytokines,3-4c(2),3-13dóe,3-14b,3-16ó17

decontamination,3-10b,3-13b,3-14c,3-17,4-3a,4-4
external,4-2a, 4-3
internal,4-2b
skin,4-4a
techniques,4-4b

delayed/lateeffects,3-2,5-1b,5-2b,5-3
carcinogenesis,5-3,5-8

riskof,5-8b
cataractformation,5-9
embryonicandfetal,5-6
principlesof,5-4
reproductivecellkineticsandsterility,5-7
typesof,5-5
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depleteduranium,1-2d(1)(a),1-2e(1), AppendixA
characteristicsanduses,A-2
healtheffectsofexposureto,A-4

chemicaltoxicity,1-2e(1),A-4d
externalexposure,A-4b
internalexposureto,A-4c
radiologicaltoxicity,A-4e

patientmanagement,A-5
clinical treatment,A-5b
determiningpresenceofDU,A-5a

toxicity,1-2e(1),A-3
chemical,1-2e(1),A-4d
internalization,A-3
pyrophoriceffect,A-3a
radiological,A-4e

diagnosis,3-8,3-10a,3-11,3-13c(3),3-19,5-12
dose,2-3c, 2-10a

absorbed,2-3
equivalent,2-3c
rate,2-3d

dosimeters,3-9
dosimetry,3-9

embryonic/fetaleffects,5-6
entericfeeding,3-14e
exposure,definitionof,2-3a

fallout,2-8b(4),3-8,3-20a,4-3
basesurge,2-8b(4)(a)
scavenging,2-8b(4)(b)

firstaid,3-12,3-20a,3-23a
fission,1-2d,2-2a(3),2-5

products,1-2d,2-5b(1),2-8
fusion,2-2a,2-5

gastrointestinaleffects,3-4, 3-6c,3-14

high-levelwaste,1-2d
highlyenricheduranium,1-5c

immune system,3-24,3-27
immunization,3-13f(3),3-20f,3-27
initialradiation,2-5a,2-8a
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internalirradiation(contamination),4-8
therapeuticagents,4-10c

blockinganddiluting,4-10c(2)
chelating,4-10c(4)
mobilizing,4-10c(3)
Prussianblue,4-10c(1)

treatmentof,4-10
immediate care,4-10a
treatmentprocedures,4-10b

internalizationofradioactivematerials,1-2e(1),4-9
distribution,4-4b
intake,4-2,4-9
metabolismandexcretion,4-9c

InternationalSystemofUnits,1-1b,2-3
ionizingradiation,1-1b,2-1ó5,2-9,3-1ó3,3-4c(2),3-6a,3-6c(1)(a)ó(b),3-7, 3-26ó27

biologicaleffects,3-2
cellulareffects,3-3

directaction,3-3a
indirectaction,3-3a
relativecellularradiosensitivity,3-3b

relativetissueradiosensitivity,3-4
cardiovascular/centralnervoussystem,3-4c, 3-6c(3),3-15
gastrointestinalsystem,3-4b
hematopoieticsystem,3-4a, 3-6c

systemiceffects,3-5
types,2-2

alpha,1-2e(1),1-3a, 2-2a(1)
beta,2-2a(2)
electromagnetic,2-2b
gamma,2-2b,
neutron,1-2b(1),Table2-1,2-2a(3),2-4d,
x-ray,1-2b(1),1-2c,Table1-2,1-3a

isolation,Tables3-8ó9,AppendixC

laboratorytesting,3-10
leukemia,5-2a,5-8,5-12ó13
levelofcare,Preface,C-2
linearenergytransfer,2-3c(1)
localtissueirradiation,4-1,4-5
low-levelradiation,1-1a,1-2a,3-8,Chapter5

definitionof,5-1a
delayed/lateeffects,5-1ó3

carcinogenesis,5-8
riskof,5-8b

cataractformation,5-3,5-9
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low-levelradiation
delayed/lateeffects(continued)

embryonicandfetal,5-6
principlesof,5-4
reproductivecellkineticsandsterility,5-7
typesof,5-5

documentationofexposurerecords,5-14
exposureguidance,5-2
initialactions,5-11
medicalcare,5-12

earlyanddelayeddeterministiceffects,5-12a
stochasticeffects,5-12b

medicalfollow-up,5-13
medicalassessment,5-13a
medicalmonitoring,5-13b

prevention,5-10
threatof,1-1a,5-1b

managementofthe
cardiovascular/centralnervoussystemsyndrome,3-15
gastrointestinalsyndrome,3-14

antibiotics,useof,3-14c
cytokines,efficacyof,3-14b
diarrhea,treatmentof,3-14a
fluidsandelectrolytes,3-14a
gastricacid,bactericidaleffectof,3-14d

hematopoieticsyndrome,3-13
anemia,conventionaltherapyof,3-13f(3)
bonemarrow/stemcelltransplantation,3-13g
hematopoieticgrowthfactors,3-13e
immuneglobulinadministration,3-13d
infection,3-13
preventionof,3-13b
managementof,3-13c
neutropenia,conventionaltherapyof,3-13a
thrombocytopenia,conventionaltherapyof,3-13f(1)

medical treatmentfacilities,1-6b
medications,3-1,3-13a,4-10c,AppendixB
microvasculareffects,3-4b(2),3-4c(2)

nuclear
andradiologicalthreats,1-1,1-7

globalandregional,1-7
nuclearfuelcycle/processing,1-2d,1-7
nuclearreactors,1-2d,1-7
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nuclear
andradiologicalthreats(continued)

nuclearweaponsincidents,1-1a,1-3,1-7
specialnuclearmaterial,1-5bóc
strategicnuclearwar,1-1a,1-6a
terrorismandasinglenucleardetonation,1-5
terrorismandradiologicaldispersaldevices,1-4
theaternuclearwar,1-6b

detonation,1-3a,1-5a,1-6b,2-5
characteristics, 2-5a
rangeofdamage,2-9
singlenucleardetonation,1-5
typesofbursts,2-5b

fuelcycle/processing,1-7,1-2d
reactors,1-2d

examplesofaccidents,1-2d(3)
war(fare),1-1a,1-6

strategic,1-6a
theater,1-6b

weapons,1-1a,1-3,1-6ó7
incidents,1-3

Palomares, 1-3b

organs,3-4,3-22,4-1
target,4-10b, 4-10c(2)

orthopedicinjuries,3-20e

partialbodyirradiation,3-5,3-9
patientmanagement,1-6b
penetrationandshielding,2-4

alphashielding,2-4a
betashielding,2-4b
gammashielding,2-4c
neutronshielding,2-4d

psychological
effects,1-4a,6-1,6-2a

ofradiationdispersaldevices,andnuclearincidents,6-2
ofnucleardetonation,6-3
inafalloutfield,6-4
prevention,6-7a
riskcommunication,6-7b

factorsatChernobyl,6-5b
psychosocialsequelae,6-5a
stress,6-2,6-4ó5

treatmentof,6-6
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radiation
accidents,1-2,3-6a

biomedicalsources,1-2c
industrialsourcesandaccidents,1-2b
sourcesfromUnitedStatesforcescommoditiesandforeignmaterial,1-2e

hazards,1-1a,2-8
initialradiation,2-8a
residualradiation,2-8b

inducedearlytransientincapacitation,3-7
radioactivecontamination,1-2aandd,2-10,Chapter4

externalcontamination,2-10a,4-1
externalirradiation,4-3

cutaneousradiationsyndrome,4-6
treatmentof,4-7

localtissueirradiation,4-5
handlingcontaminatedpatients, 4-4
internalcontamination,2-10b,4-8

internalizationofradioactivematerials,4-9
treatmentof,4-10

measuringlevelsof,4-2
directexternalcontaminationassessment,4-2a
directinternalcontaminationmeasurement,4-2b
indirectcontaminationmeasurement,4-2c

radiological
casualties,1-1a,3-1,3-11ó12
dispersaldevice,1-4
injury,1-2e,1-4a,1-6,3-11,3-24,3-27

recovery,3-13e,3-16
relativetissueradiosensitivityofthecardiovascular/centralnervoussystems,3-4c

ofthegastrointestinalsystem,3-4b
ofthehematopoieticsystem,3-4a

reproductivecellkineticsandsterility,5-7
residualradiation,2-5a,2-8b

fallout,2-5a,2-5b(1)and(2),2-8b(4),3-8,3-20a
fissionproducts,2-5b(1),2-8
neutroninducedgroundactivity,2-8b(3)
unfissionednuclearmaterial,2-8b(2)

scavenging,2-8b(4)(b)
riskcommunication,6-7b

sourcesofradiation,1-2
biomedicalsources,1-2c
industrialsources,1-2b
nuclearfuelcycle,1-2d
nuclearreactors,1-2d
UScommoditiesandforeignmaterial,1-2e

specialnuclearmaterial,1-5b and c
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terrorism,1-4,1-5
thermalradiation,1-2,2-5a,2-5b(2),2-7,3-18ó19,3-21

burnswithradiationinjury,3-21
evaluationof,3-22

areaofburn,3-22a
depthofburn,3-22c
involvementofcriticalorgans,3-22b

eyeinjuries,2-7c
firstaid,3-23a
flameburns,2-7
flashburns,2-7
treatmentof,3-23

burnwound,careof,3-23c
fluidtherapy,3-23b(2)
input/outputrecords,3-23b(3)
maintenanceofairway,3-23b(1)

threats,globalandregional,1-7
treatment

briefs,3-1,3-17,AppendixC
protocols,1-1a

triageofnuclearandradiologicalcasualties,3-11
classificationsystem,3-11a

unitsofmeasure,1-1b,2-3
absorbeddose,2-3b
activity,2-3e
doseequivalent,2-3c

linearenergytransfer,2-3c(1)
doserate,2-3d
exposure,2-3a
half-life,2-3f
lethality/lethaldose,3-6b

weaponsofmassdestruction(WMD),1-5a,1-6b
wholebody

irradiation,3-5
radiationdoses,3-4b(2),3-8d
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