
7:30 - 8:00  Registration / Breakfast 
 
8:00 - 8:15  Opening Comments 
   Dennis Confer, M.D. - National Marrow Donor Program 
   Nelson Chao, M.D., M.B.A. - Duke University 
 

   The Threat    Chair:  Richard Hatchett, M.D. 
        DAIT, NIAID, NIH, DHHS 

 
8:15 - 8:45  Improving National Preparedness Using the Nuclear Scenario  
   Brooke Buddemeier, C.H.P. - Lawrence Livermore National Laboratory 
 
8:45 - 9:15  Estimating Medical Requirements for a 10KT Nuclear Detonation 
   Carl Curling, Sc.D. - Institute for Defense Analysis  
 
9:15 - 9:45  Bone Marrow Injuries after the Chernobyl Accident: Management, Outcome, and Lessons  
   Learned 
   Alla Shapiro, M.D., Ph.D. - U.S. Food and Drug Administration 
 
9:45 - 10:15 Mass Casualty Event Case Studies (Hurricane Katrina, Goianna) 
 David Rutstein, M.D., M.P.H. - U.S. Public Health Service (Lessons Learned from Hurricane Katrina)  
 Nelson Valverde, M.D. - State University of Rio de Janeiro (The Goiânia Accident: Past and Present) 
 
10:15 - 10:45  Discussion and Break 
 

 Biology      Chair: David Weinstock, M.D. 
      Sloan-Kettering Cancer Center 

 
10:45 - 11:15 Introduction to Radiation Biology  
   Michael Robbins, Ph.D. - Wake Forest University School of Medicine 
 
11:15 - 11:45 Cytogenetic Biodosimetry  
   Albert Wiley, Jr., M.D., Ph.D. - REAC/TS & WHO Collaborating Center at Oak Ridge 
 
11:45 - 12:45 Discussion and Lunch 
 

 Acute Radiation Syndrome              Chair:  Daniel Weisdorf, M.D. 
      University of Minnesota  

 
12:45 - 1:05  Hematologic    
   Theodor Fliedner, M.D. – Ulm University 
 
1:05 - 1:25  Acute Radiation Syndrome of the Skin: New Aspects in Pathophysiology and Treatments  
   Following Radiation Exposure   
   Viktor Meineke, M.D. - Bundeswehr Institute of Radiobiology  
 
1:25 - 1:45  Role of Gastrointestinal Injury in Acute Radiation Syndromes  
   Martin Hauer-Jensen, M.D., Ph.D., - University of Arkansas for Medical  Sciences 
 
1:45 - 2:05  Neurovascular/CNS Syndrome    
   Michael Robbins, Ph.D. - Wake Forest University School of Medicine 
 
2:05 - 2:25  Multi-organ Failure   
   Marc Benderitter, M.D. - Institut De Radioprotection et de Surete Nucleaire 
 
2:25 - 3:00  Discussion and Break 
 

 National Response   Chair:  Dennis Confer, M.D. 
      National Marrow Donor Program 

 
3:00 - 3:30  National Response Process   
   C. Norman Coleman, M.D. - National Institute of Health 
     
3:30 - 4:00  RITN Overview     
   Cullen Case, Jr. - National Marrow Donor Program 
 

 4:00 - 4:30  Novel Agents 
   Nelson Chao, M.D., M.B.A. - Duke University 
 
 4:30 - 5:00   Discussion and Closing Comments  
    Dennis Confer, M.D. - National Marrow Donor Program 
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To ensure balance, independence, objectivity and scientific rigor in all of its educational activities the 
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to the audience. Any relationship that is disclosed has been resolved to ensure it is fair and balanced and 
free of commercial bias. 
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Program Overview 
 
 
Program Description: 
This seminar will provide an overview of the impact and medical challenges that would arise after the 
detonation of a nuclear bomb within the United States borders. Presentations will include assessments of 
the current threat and will review possible scenarios. In-depth information on the medical complications of 
Acute Radiation Syndrome and its impact on target organs will also be discussed. 
 
 
Educational Objectives: 

1. Understand the current radiation/nuclear threat to the United States. 
2. Describe the biological effects of ionizing radiation on multiple organs (skin, hematological, 

gastrointestinal, neurological and multi-organ failure). 
3. Explain the basics of calculating radiation dose based on bio-dosimetry. 
4. Describe current operational concepts from triage through delivery of care, including transfers to 

other treatment facilities. 
5. Understand hospital management of severely injured patients exposed to radiation. 

 
 
Target Audience: 
Hematologist, oncologists, bone marrow transplant physicians, transplant center directors, hospital 
administrators, medical physics professionals, nuclear medicine practitioners, and selected staff of the 
Department of Defense, Health and Human Services, and other federal agencies as applicable.  
 
 
Accreditation and Designation of Credit: 
This activity has been planned and implemented in accordance with the Essential Areas and Policies of 
the Accreditation Council for Continuing Medical Education (ACCME) through the joint sponsorship of the 
Medical College of Wisconsin, and the National Marrow Donor Program® (NMDP). The Medical College of 
Wisconsin is accredited by the ACCME to provide continuing medical education for physicians. 
 
The Medical College of Wisconsin designates this educational activity for a maximum of 6.0 AMA PRA 
Category 1 credits™. Physicians should only claim credit commensurate with the extent of their 
participation in the activity.   
 
 
Disclosure Policy:  
It is the policy of the Medical College of Wisconsin Office of Continuing Medical Education to ensure 
balance, independence, objectivity and scientific rigor in all of its sponsored educational activities. All 
faculty participating in sponsored programs are expected to disclose to the program audience any real or 
apparent conflict of interest related to the content of their presentation.  
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Improving National Preparedness Improving National Preparedness 
Using The Nuclear ScenarioUsing The Nuclear Scenario

Brooke Buddemeier, CHP

Lawrence Livermore National Laboratory

Activity funded by US Department of Homeland Security

UCRL-PRES-232333.  This work was performed under the auspices of the 
U.S. Department of Energy by the University of California, Lawrence 
Livermore National Laboratory under Contract No. W-7405-Eng-48.

“the United States must be prepared to respond to the use of WMD against 
our citizens, our military forces, and those of friends and allies. We will 
develop and maintain the capability to reduce to the extent possible the 
potentially horrific consequences of WMD attacks at home and abroad.”

- National Strategy to Combat Weapons of Mass Destruction (2002)

2

PreparednessPreparedness
Preparedness & Readiness; we all know 
what we mean when we say it, but how do 
you really evaluate it…

How prepared Is 
“Prepared Enough?”

How do prioritize your
resources?

3

The Best Laid PlansThe Best Laid Plans……..
Preparedness is 
more than just 
planning
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National Planning ScenariosNational Planning Scenarios
“While much preparedness applies across the all-hazards spectrum, the National Strategy 
attaches special emphasis to preparing for catastrophic threats with “the greatest risk of 
mass casualties, massive property loss, and immense social disruption.” To address this 
requirement, a Federal interagency working group developed National Planning Scenarios 
to illustrate the potential scope, magnitude, and complexity of a plausible range of major 
events, including terrorist attacks, major disasters, and other emergencies.”

~Interim National Preparedness Goal (2005)

5BurnsBurns

PROMPT EFFECTSPROMPT EFFECTS

Ionizing radiationIonizing radiation

FALLOUT EFFECTSFALLOUT EFFECTS

Blast overpressureBlast overpressure

National Planning Scenario #1;National Planning Scenario #1;
Low Yield Nuclear DetonationLow Yield Nuclear Detonation

Most Prompt Casualties are from 
blast and thermal injuries
Fallout Casualties are from 
Radiation
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Blast Effects; Buildings & PeopleBlast Effects; Buildings & People

Low Survival of Heavy
Buildings within area

Overpressure lung injury 
& fatalities from impact

>10psi   678m

Low Survival of Light
Buildings within area
Eardrum ruptures and 

possible incapacitation
>5psi   1km   ~250k people (day)

Brick House
~ 5 psi

8

Radiation and Thermal EffectsRadiation and Thermal Effects

300cGy LD-50
1.4km   300,000 people

200cGy LD-10
1.5km

100cGy Injury-10
1.6km

Unprotected Population (Clear Day)Unprotected Population (Clear Day)

3o Burns LD-50
1.5km   ~360,000 people

2o Burns
1.9km

1o Burns
2.5km

Graphic: AFRRI
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Missile Injury ThresholdMissile Injury Threshold
0.6psi 4.5km ~750k people0.6psi 4.5km ~750k people

Flash BlindnessFlash Blindness
7km to 12 km7km to 12 km

Graphic: AFRRI

EMP: Temporary disruptionsEMP: Temporary disruptions

EMP: Service disruptionsEMP: Service disruptions
& Equipment Damage& Equipment Damage

Long Range Prompt EffectsLong Range Prompt Effects
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Combined EffectsCombined Effects

LD50
50

Lung Damage 15

Brick houses destroyed; trucks 
overturned; telephone poles collapsed
Eardrum Rupture

5 

Wall of 12-inch concrete shattered; 
parked aircraft destroyed 3 

Aluminum panels ripped off 2 

Windows shattered 1 

Damage psi

Typical Overpressure Damage 

1km from ~16kT yields (~ 6 psi)

Pressure wave 
destroys house

Nighttime shot, the only
light is from the blast

Thermal 
pulse ignites 
paint and 
wood
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Prompt Effects SummaryPrompt Effects Summary
Most prompt casualties (injuries + fatalities) are 
from blast and thermal energy (not radiation)
Literature and models predict:

100,000s casualties can occur from the prompt effects in the first 
few minutes within a few miles of ground zero (GZ),

Overall number of casualties likely to be reduced by protection from 
the urban landscape and being within heavy buildings, however

Tertiary effects (building collapse, glass and debris missiles, and 
flash-blindness accidents) may increase number of casualties

Those outdoors within a few miles can be 
temporarily blinded

Dust and debris (initially not fallout) will cloud the 
air

12

FALLOUTFALLOUT
The nuclear detonation creates a large cloud 
of radioactive dust & water vapor which fall 
back to earth contaminating horizontal 
surfaces
Dangerous levels of fallout creates visible 
dust and debris, These particles give off 
penetrating radiation that can injure people 
(even indoors)
Fallout decays rapidly away with time, and 
is most dangerous in the first few hours after 
the detonation
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2 Hour Integrated Outdoor Exposure2 Hour Integrated Outdoor Exposure
Fallout Effects

>300 cGy
7.6km
8.8 km2

>200 cGy
10.0km
13.3 km2

>100 cGy
14.8km
25.1 km2

>50 cGy
20.3km
44.1 km2

>25 cGy
26.6km
73.9 km2

Effects or contamination using weather from May 23, 2005

Missile Injury ThresholdMissile Injury Threshold
4.5km ~4.5km ~750,000750,000 people in areapeople in area

Prompt Exposure > 100 Prompt Exposure > 100 remrem

Most Potential acute 
Injuries confined to 
within 15km
Prompt and fallout 
areas not congruent

Fallout Acute Injury ThresholdFallout Acute Injury Threshold
25km long  ~ 25km long  ~ 400,000400,000 peoplepeople
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Downwind Dose Rate @ Downwind Dose Rate @ 15 Minutes15 Minutes

.1 cGy/hr

1 cGy/hr
Injury in 4 days

10 cGy/hr
Injury in 10 hour

100 cGy/hr
Injury in 1 hour

Dose Rate
Fallout Effects

1,500 cGy/hr
Injury in 3 minutes, 
LD-50 in 10 minutes

15

Downwind Dose Rate @ Downwind Dose Rate @ 2 hours2 hours

.1 cGy/hr

1 cGy/hr
Injury in 4 days

10 cGy/hr
Injury in 10 hours

100 cGy/hr
Injury in 1 hour

Dose Rate
Fallout Effects

180 cGy/hr
Injury in 30 minutes, 
LD-50 in 2 hours
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Downwind Dose Rate @ Downwind Dose Rate @ 48 hours48 hours

.1 cGy/hr

1 cGy/hr
Injury in 4 days

10 cGy/hr
Injury in 10 hours

Dose Rate
Fallout Effects

7 cGy/hr
Injury in 14 hours
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(rem = cGy)
Extent
Area

>300 cGy
7.6km
8.8 km2

>200 cGy
10.0km
13.3 km2

>100 cGy
14.8km
25.1 km2

>50 cGy
20.3km
44.1 km2

>25 cGy
26.6km
73.9 km2

Missile Injury ThresholdMissile Injury Threshold
4.5km ~750k people in area4.5km ~750k people in area

Flash BlindnessFlash Blindness
7km to 12 km7km to 12 km

2 Hour Integrated Outdoor Exposure2 Hour Integrated Outdoor Exposure

18

Graphic: AFRRI

2 Hour Integrated Outdoor Exposure2 Hour Integrated Outdoor Exposure
(rem = cGy)
Extent
Area

>300 cGy
7.6km
8.8 km2

>200 cGy
10.0km
13.3 km2

>100 cGy
14.8km
25.1 km2

>50 cGy
20.3km
44.1 km2

>25 cGy
26.6km
73.9 km2

(cGy = rem)
Extent
Area

>1,000 cGy
2.5km
2.0 km2

>800 cGy
3.2km
2.6 km2

>600 cGy
4.3km
3.7 km2

>500 cGy
5.1km
4.7 km2

>400 cGy
6.3km
6.2 km2
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4 Day Integrated Outdoor Exposure4 Day Integrated Outdoor Exposure

Large population and short arrival times make evacuation difficult
Model uncertainties and “shadow evacuation” likely to greatly 
increase effected population 

25 cGy (30 min arrival)
~50km

5 cGy (1hr arrival)
~100km

1 cGy (2 hr arrival)
~200km ~1,000,000 people

Protective Action Guideline 
threshold for shelter or evacuation

Long range, non-acute
4-day dose boundaries
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Fallout Effects Summary Fallout Effects Summary 
The fallout cloud will climb 8km (5 miles) high and will be
carried by jet-stream winds
100,000s of acute casualties from radioactive fallout can
occur within 15km (9 miles) downwind of the GZ
The number of fallout casualties can be reduced by action 
(shelter / evacuation)
Radiation levels decay rapidly with time
In the first few days, the primary health hazard is external 
gamma radiation from fallout on horizontal surfaces.  
Breathing in fallout dust (internal contamination) is a minor 
concern.
Radiation has a delayed effect. Although radiation sickness 
may occur within a few hours, victims of lethal radiation may 
not succumb for days or weeks.

21

Large Scale Incident Response Coordination
Multi-Jurisdictional Response
Extensive and Diverse federal Involvement 

Mass Casualty
Potentially 100,000s with immediate and delayed medical needs
Large variety of injuries, trauma, burns, and radiation illness

Mass Evacuation and Mass Care
Millions in (or near) fallout area

Mass Decontamination

Why Exercise the Impossible?Why Exercise the Impossible?
National Priority: Expand regional collaboration 
through mutual aid agreements and assistance compacts 
in order to meet the target levels of capability in the 
most effective and expedient manner.
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Unique Exercise ChallengesUnique Exercise Challenges

Crisis Communication Crisis Communication 

Time Critical Decision MakingTime Critical Decision Making

Resource PrioritizationResource Prioritization

Coordinated Multiple State ResponseCoordinated Multiple State Response

Critical life saving activity depends on actions taken Critical life saving activity depends on actions taken 
in the first few minutes and hours of the event.in the first few minutes and hours of the event.

23

Exercise NPS#1 Because:Exercise NPS#1 Because:
Supports overall catastrophic event planning that 
improves all-hazard preparedness

Breaks down jurisdictional/discipline barriers

Prioritizes response elements

Frankly, a little radiological response planning 
wouldn’t hurt 

Many concepts apply universally to radiological incidents as well 
as terrorism

Many “Cold War” response paradigms no longer apply

Reduction of risk, to both public and responders, through better
understanding of radiological issues
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Bone Marrow Injuries after the Chernobyl Bone Marrow Injuries after the Chernobyl 
Accident: Management, Outcome, and Accident: Management, Outcome, and 

Lessons LearnedLessons Learned

National Marrow Donor ProgramNational Marrow Donor Program
““Medical and Organizational Challenges Resulting Medical and Organizational Challenges Resulting 

from a Radiological/Nuclear Emergencyfrom a Radiological/Nuclear Emergency””
September 25, 2007September 25, 2007

AllaAlla Shapiro, M.D., PhD,  Shapiro, M.D., PhD,  
Medical Officer, Medical Officer, 
U.S. Food and Drug AdministrationU.S. Food and Drug Administration
Center for Drug Evaluation and Research Center for Drug Evaluation and Research 
Office of CounterOffice of Counter--Terrorism andTerrorism and
Emergency Coordination (OCTEC)  Emergency Coordination (OCTEC)  

Financial Disclosure - Invention Royalty:
National Institutes of Health 

Presentation OutlinePresentation Outline

§§ Early Effects of High Radiation Doses in Early Effects of High Radiation Doses in 
victims of the Chernobyl Accidentvictims of the Chernobyl Accident

§§ Bone Marrow Syndrome and its TreatmentBone Marrow Syndrome and its Treatment

§§ Overview of Other Injuries and their Treatment Overview of Other Injuries and their Treatment 

§§ ConclusionsConclusions

Basic Information on the Radionuclide Releases    Basic Information on the Radionuclide Releases    
and the Types of Exposure at Chernobyland the Types of Exposure at Chernobyl

§§ 100% of gaseous fraction of the noble gases and nuclides 100% of gaseous fraction of the noble gases and nuclides 
may have escaped from the plantmay have escaped from the plant

§§ Cesium, Iodine and Tellurium isotopes accounted for up to Cesium, Iodine and Tellurium isotopes accounted for up to 
1010--20% of the nuclides inventory20% of the nuclides inventory

§§ TransuranicTransuranic elements (Plutonium, Curium and Americium) elements (Plutonium, Curium and Americium) 
were found were found onlyonly in the lungsin the lungs

§§ Neutron irradiation was not significantNeutron irradiation was not significant

§§ ARS was caused by ARS was caused by aa-- and gammaand gamma--irradiation of the whole irradiation of the whole 
body and by betabody and by beta--irradiation of the skin surfaceirradiation of the skin surface

Ref: International Atomic Agency. Summary Report on the PostRef: International Atomic Agency. Summary Report on the Post--Accident Review Accident Review 
Meeting on the Chernobyl Accident, Vienna, 1986.Meeting on the Chernobyl Accident, Vienna, 1986.
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Sequence of the Initial Intervention Sequence of the Initial Intervention (1)(1)

GuskovaGuskova et al, 1986. Acute radiation effects in exposed persons at the et al, 1986. Acute radiation effects in exposed persons at the Chernobyl Chernobyl 
Atomic Power Station Accident.  Medical Radiology, (477), pp.3Atomic Power Station Accident.  Medical Radiology, (477), pp.3--18 18 

§§ Assessment, blood tests, Assessment, blood tests, 
administration of KI, priority for administration of KI, priority for 
hospitalization establishedhospitalization established

Specialized team arrivedSpecialized team arrived12 hours 12 hours --
36 hours36 hours

§§ discharged if condition is OKdischarged if condition is OK

§§ remained hospitalizedremained hospitalized

Evaluation and treatment at Evaluation and treatment at 
the nuclear plant medical the nuclear plant medical 
facilityfacility

4 hours 4 hours --
12 hours12 hours

§§ evacuationevacuation from the site, from the site, 
antiemeticsantiemetics , sedative, , sedative, 
cardiotoniccardiotonic

Initial treatment on the siteInitial treatment on the site30 min 30 min ––
33--4 hours4 hours

Treatment/Disposition Treatment/Disposition InterventionInterventionTimeTime

Sequence of the Initial Intervention Sequence of the Initial Intervention (2)(2)
§§ Within the first three days, Within the first three days, 299 persons299 persons were sent to the were sent to the 

specialized treatment center in Moscow and to hospitals in specialized treatment center in Moscow and to hospitals in 
KievKiev

§§ Over the subsequent days Over the subsequent days hundreds hundreds of additional persons of additional persons 
were admitted for examinationwere admitted for examination

§§ Criteria for hospitalization included for patients with the Criteria for hospitalization included for patients with the 
suspected ARSsuspected ARS

§§ Presence, time of onset and intensity of nausea and vomitingPresence, time of onset and intensity of nausea and vomiting
§§ Primary Primary erythemaerythema of the skinof the skin
§§ Decrease of the lymphocyte count in the peripheral blood Decrease of the lymphocyte count in the peripheral blood 

<1X10<1X1099/L in first 24 hours after the exposure/L in first 24 hours after the exposure

Thousands of concerned citizens were admitted to the Thousands of concerned citizens were admitted to the 
hospitals for examination and blood workhospitals for examination and blood work

Primary Diagnostic Criteria of ARS:Primary Diagnostic Criteria of ARS:
Diagnostic Coefficient (DC)Diagnostic Coefficient (DC)

A sum of A sum of +10+10 is the basis for the prognosis of irreversible myelosuppressionis the basis for the prognosis of irreversible myelosuppression; a ; a 
sum of sum of --1010 is a prognosis for is a prognosis for NONO irreversible myelosuppression. irreversible myelosuppression. 

Diagnostic ScoreDiagnostic Score
+6+6
--1515
+5+5
--1515

Lymphocyte countLymphocyte count 101099x1x1--11
Lymphocyte count on Day 2Lymphocyte count on Day 2 00--0.20.2
Lymphocyte count on Day 2Lymphocyte count on Day 2 0.610.61-- 0.80.8
Lymphocyte count Days 4 Lymphocyte count Days 4 –– 77 0.010.01
Lymphocyte count Days 4 Lymphocyte count Days 4 –– 77 >0.15>0.15

Diagnostic ScoreDiagnostic Score
+8+8
+4+4
+2+2
--22
--1010

Time to the onset of vomiting                   HoursTime to the onset of vomiting                   Hours
00--0.40.4
0.410.41--0.80.8
0.810.81-- 1.21.2
1.21 1.21 –– 1.61.6
>2.0>2.0

Assessment of irreversible myelosuppression according to DC in cAssessment of irreversible myelosuppression according to DC in cases of ARSases of ARS
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The Bone Marrow Syndrome and its Treatment in The Bone Marrow Syndrome and its Treatment in 
Chernobyl Victims (1)Chernobyl Victims (1)

§§ Antiseptic regimenAntiseptic regimen

§§ IsolationIsolation
§§ Air sterilizationAir sterilization
§§ Changes of underclothing for patients at least once/dayChanges of underclothing for patients at least once/day
§§ Maintaining the microMaintaining the micro--organism population at less than organism population at less than 

500/mm3 in the room air500/mm3 in the room air

§§ Supportive therapySupportive therapy

§§ Antimicrobial decontamination of the intestineAntimicrobial decontamination of the intestine
§§ Administration of systemic antibioticsAdministration of systemic antibiotics
§§ AcyclovirAcyclovir
§§ Transfusions of blood cells (e.g. fresh donor platelets and Transfusions of blood cells (e.g. fresh donor platelets and 

RBC)RBC)

Ref: UNSCEAR Report, 1986; Robert Gale et al,Ref: UNSCEAR Report, 1986; Robert Gale et al, The Lancet, April 23,1988The Lancet, April 23,1988.  .  GuskovaGuskova A. et al, 1986.A. et al, 1986.

Bone Marrow Syndrome and its Treatment in Bone Marrow Syndrome and its Treatment in 
Chernobyl Victims (2)Chernobyl Victims (2)

§§ HLAHLA--matched unrelated bone marrow donors from matched unrelated bone marrow donors from 
large HLAlarge HLA--typed volunteer donor pools typed volunteer donor pools –– 13 patients13 patients

§§ Fetal liver cells Fetal liver cells –– 6 patients6 patients

§§ Bone marrow syndrome combined with other InjuriesBone marrow syndrome combined with other Injuries

§§ SkinSkin
§§ GIGI
§§ OropharyngealOropharyngeal
§§ Radiation Radiation pneumonitispneumonitis

Severity and Outcome of ARS in Severity and Outcome of ARS in 
Chernobyl VictimsChernobyl Victims

27*27*8888115115TOTALTOTAL
* * In addition to the patients who died of ARS, one person died at In addition to the patients who died of ARS, one person died at the plant site, and another within the first the plant site, and another within the first 
12 hours following the accident as a result of thermal burns12 hours following the accident as a result of thermal burns
Baranov et al, Antibiotics and Chemotherapy, 1989, 34, 7, 555Baranov et al, Antibiotics and Chemotherapy, 1989, 34, 7, 555--558; 558; GuskovaGuskovaet al, et al, ““Acute Radiation Acute Radiation 
Effects in Exposed Persons at the Chernobyl Atomic Power StationEffects in Exposed Persons at the Chernobyl Atomic Power Station AccidentAccident”” Medical Radiology, 1986, Medical Radiology, 1986, 
pp. 3pp. 3--18.18.

1919 14 14 -- 91911120206.0 6.0 ––16.016.0IVIV

77 16 16 -- 4848141421214.2 4.2 -- 6.36.3IIIIII

11 9696424243432.0 2.0 -- 4.04.0IIII

00313131310.8 0.8 --2.12.1II

Number of PatientsNumber of Patients
Total    Alive  Died Total    Alive  Died (day to death)(day to death)

DoseDose
(Gy)(Gy)

ARSARS
GradeGrade
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Causes of Death from Direct RadiationCauses of Death from Direct Radiation Effects Effects 
in First 3 monthsin First 3 months

Baranov et al, Antibiotics and Chemotherapy, 1989, 34, 7, 555Baranov et al, Antibiotics and Chemotherapy, 1989, 34, 7, 555--558; 558; GuskovaGuskova et al, et al, 
““Acute Radiation Effects in Exposed Persons at the Chernobyl AtomAcute Radiation Effects in Exposed Persons at the Chernobyl Atomic Power ic Power 
Station AccidentStation Accident”” Medical Radiology, 1986, pp. 3Medical Radiology, 1986, pp. 3--18.18.

Died after the bone marrow Died after the bone marrow 
recovery stagerecovery stage

* * Patient on Patient on Day #96Day #96 died died 
from ischemic strokefrom ischemic stroke

48 48 –– 99*99*55

In 20/22 patients In 20/22 patients ßß--burns burns 
were the main cause of deathwere the main cause of death

14 14 -- 34342222

CommentsCommentsDays of death after Days of death after 
the exposurethe exposure

Number of patients  Number of patients  
died  died  (TOTAL = 27)(TOTAL = 27)

Indications for an Indications for an AllogeneicAllogeneic BMT or an BMT or an 
Embryonic Live Cell TransplantationEmbryonic Live Cell Transplantation

§§ Whole body Whole body ??--irradiation dose irradiation dose 6.0 Gy 6.0 Gy --16.0 Gy16.0 Gy

§§ Irreversible degree of myelosuppression using a Irreversible degree of myelosuppression using a 
Diagnostic Coefficient Diagnostic Coefficient (DC)(DC)

plusplus additional criteriaadditional criteria

§§ Vomiting during the first Vomiting during the first 30 minutes30 minutes

§§ Diarrhea during Diarrhea during 11--2 hours2 hours after the exposureafter the exposure

§§ Swelling of the parotid glands during the first Swelling of the parotid glands during the first 2424--36 hours36 hours

Ref: UNSCEAR 1988 ReportRef: UNSCEAR 1988 Report

Outcome (Survival or Cause of Death) Outcome (Survival or Cause of Death) 
in Patients Receiving BMTin Patients Receiving BMT

2244
**GVHD + **GVHD + 
infectioninfection

77
**skin and GI   skin and GI   
injuriesinjuries

1313TOTALTOTAL

Gale et al, 1988; UNSCEAR report, 1988; Baranov et al, 1989; Gale et al, 1988; UNSCEAR report, 1988; Baranov et al, 1989; GuskovaGuskova et al, 1989;et al, 1989;

00005566> 9.0> 9.0

111122336.5 6.5 –– 9.0 9.0 

11330044< 6.5< 6.5

Number of Number of 
survivorssurvivors

DeathsDeaths****DeathsDeaths**Number of Number of 
patientspatients

Bone marrow transplant patientsBone marrow transplant patients
Dose Dose 
range (Gy)range (Gy)
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Problems that Complicated the Use of BMT Problems that Complicated the Use of BMT 
for Chernobyl Victimsfor Chernobyl Victims

§§ Determination of the radiation doseDetermination of the radiation dose
§§ Several kinds of irradiation (external Several kinds of irradiation (external ??-- and and ßß, and , and 

inhaled and ingested isotopes)inhaled and ingested isotopes)
§§ Partial shielding of body parts by physical structuresPartial shielding of body parts by physical structures
§§ Rapid onset of lymphocytopenia made HLA typing Rapid onset of lymphocytopenia made HLA typing 

difficult.  Donordifficult.  Donor--recipient recipient histocompatibilityhistocompatibility was not was not 
accurately determinedaccurately determined

§§ Most individualsMost individuals who received a sufficiently high dose who received a sufficiently high dose 
of irradiation had thermal burns as well as injuries to of irradiation had thermal burns as well as injuries to 
the GI tract and other tissuesthe GI tract and other tissues

NonNon--bone Marrow Syndromes Caused by bone Marrow Syndromes Caused by 
Radiation ExposureRadiation Exposure

77
(6.1)(6.1)

1717
(14.7)(14.7)

8080
(69.5)(69.5)

5656
(48.6)(48.6)

115115

BarabanovaBarabanova A., A., VojnosanitVojnosanit Pregl.Pregl. 2006 May;63(5):4772006 May;63(5):477--8080
Ministry of Health, Clinical Department of the Institute of BioMinistry of Health, Clinical Department of the Institute of Biophysics,   Moscow, physics,   Moscow, 
Russia. Russia. abarabanova@rambler.ruabarabanova@rambler.ru

Radiation Radiation 
PneumonitisPneumonitis

(%)(%)

GastroGastro--
intestinal intestinal 

(%)(%)

OropharyngealOropharyngeal
SyndromeSyndrome

(%)(%)

Skin burnsSkin burns

(%)(%)

Acute Acute 
Radiation Radiation 
SyndromeSyndrome

Varying Severity of Skin Damage in Varying Severity of Skin Damage in 
Patients with ARSPatients with ARS

13         35       8          5613         35       8          56115115TOTALTOTAL

GuskovaGuskova et al, Acute radiation effects in exposed persons at the Chernoet al, Acute radiation effects in exposed persons at the Chernobyl byl 
Atomic Power Station Accident, Soviet Radiology, 1986 (article iAtomic Power Station Accident, Soviet Radiology, 1986 (article in Russian)n Russian)

0           1          2              30           1          2              33131II

1            9          2            121            9          2            124343IIII

3          15          3            213          15          3            212121IIIIII

9          10          1            209          10          1            202020IVIV

50%     1050%     10--50%     150%     1--10%     TOTAL10%     TOTAL

Percentage of Skin Involvement in Percentage of Skin Involvement in 
Patients with ARSPatients with ARS

Number of Number of 
Patients Patients 
with ARSwith ARS

Severity (Grade) of Severity (Grade) of 
Acute Radiation Acute Radiation 
Syndrome (ARSSyndrome (ARS) ) 
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Treatment Experience of Skin Injuries in Treatment Experience of Skin Injuries in 
Chernobyl victimsChernobyl victims

§§ Systemic treatmentSystemic treatment
HemoperfusionHemoperfusion, , plasmapheresisplasmapheresis, continuous, continuous
heparinizationheparinization and administration of freshly frozenand administration of freshly frozen
plasmaplasma

§§ Local treatmentLocal treatment
Use of CombutecUse of Combutec--2 for local treatment of skin injuries2 for local treatment of skin injuries
Aerosol Aerosol LioxanolLioxanol
Solution BalisSolution Balis--22

§§ Pain managementPain management
was challenging and not effective due to anwas challenging and not effective due to an
absence of the local anesthetics in the treatment aabsence of the local anesthetics in the treatment arsenalrsenal

§§ Necessity of surgical operations at an early stageNecessity of surgical operations at an early stage

GuskovaGuskova et al, 1988, Baranov et al, 1991, et al, 1988, Baranov et al, 1991, SeleznevaSelezneva, 1990, , 1990, BarabanovaBarabanova, 2006, 2006

and United Nations Scientific Committee on the Effects of Atomicand United Nations Scientific Committee on the Effects of Atomic Radiation Radiation 
(UNSCEAR) data(UNSCEAR) data

Causes of Death Among ARS Survivors Causes of Death Among ARS Survivors 
(1986 through 2006)(1986 through 2006)

1818557766TOTALTOTAL

66222222Sudden cardiac death Sudden cardiac death 

22

11

11

Grade I Grade I 
ARSARS

22----Traumas and accidentsTraumas and accidents

551133Internal organ systems and Internal organ systems and 
neurological diseasesneurological diseases

552222Oncological and Oncological and 
oncohematological pathology oncohematological pathology 

TotalTotalGrade IIIIGrade IIII
ARSARS

Grade IIGrade II
ARSARS

Cause of deathCause of death

What was the Most Unexpected for us?What was the Most Unexpected for us?

§§ Diversity of clinical manifestations of skin lesionsDiversity of clinical manifestations of skin lesions

§§ Unaccustomed course of clinical phases of a Unaccustomed course of clinical phases of a 
radiation injury to skinradiation injury to skin

§§ Significant severity of injuriesSignificant severity of injuries

§§ Serious influence of skin burns on the general state Serious influence of skin burns on the general state 
of a patientof a patient

§§ Need for surgical operations at an early stageNeed for surgical operations at an early stage
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Major Lessons of Chernobyl (1)Major Lessons of Chernobyl (1)

§§ Communications: who/how to contact, how to verify and Communications: who/how to contact, how to verify and 
confirm information confirm information 

§§ Confidentiality: different understanding of what was Confidentiality: different understanding of what was 
classified and what was not, limited information available classified and what was not, limited information available 
for International professional communityfor International professional community

§§ Public health implications of the radiological accident: Public health implications of the radiological accident: 
International significance was not as well understood as for International significance was not as well understood as for 
communicable diseases incidentscommunicable diseases incidents

"An accident has occurred at Chernobyl nuclear "An accident has occurred at Chernobyl nuclear 
power station. One of the atomic reactors has power station. One of the atomic reactors has 
been damaged. Measures are being taken to been damaged. Measures are being taken to 
eliminate the consequences of the accident. eliminate the consequences of the accident. 
Aid is being given to the victims. A Aid is being given to the victims. A 
government commission has been set up." government commission has been set up." 

Major Lessons of Chernobyl (2)Major Lessons of Chernobyl (2)

§§ Effective medical care is generally not possible for accident Effective medical care is generally not possible for accident 
victims with highvictims with high--dose TBIdose TBI

§§ Most individuals will not receive a sufficiently high dose to maMost individuals will not receive a sufficiently high dose to make ke 
a bone marrow transplant necessary for hematological recovery  a bone marrow transplant necessary for hematological recovery  

§§ Only a small number of patients will have bone marrow Only a small number of patients will have bone marrow 
syndrome syndrome withoutwithout other lifeother life--threatening nonthreatening non--bone marrow bone marrow 
related complication related complication 

§§ Transplants should probably be considered for victims receiving Transplants should probably be considered for victims receiving 
more than more than 7 to 8 Gy7 to 8 Gy of external radiationof external radiation



Medical and Organizational Challenges Resulting from a Radiological/Nuclear Emergency September 2007

8

Major Lessons of Chernobyl (3)Major Lessons of Chernobyl (3)

§§ Maximize education of health care providersMaximize education of health care providers

§§ Medical community must be provided with practical Medical community must be provided with practical 
tools how to identify and assess radiation victimstools how to identify and assess radiation victims

§§ Conflicting information should be avoidedConflicting information should be avoided

§§ Situation should be explained to population in plain Situation should be explained to population in plain 
languagelanguage

Foremost ConsiderationsForemost Considerations

§§ Prevention of future accidentsPrevention of future accidents

§§ Precautions to minimize radiation injuries Precautions to minimize radiation injuries 
(protective  measures for workers called in to control  (protective  measures for workers called in to control  
a nuclear accident, prospective HLA typing)a nuclear accident, prospective HLA typing)

§§ CryopreservationCryopreservation of of autologousautologous bone marrow may bone marrow may 
also be considered for selected individualsalso be considered for selected individuals

§§ BiodosimetryBiodosimetry and biomarkers should be used in and biomarkers should be used in 
determining the dose of the exposuredetermining the dose of the exposure



 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Lessons Learned from 
Hurricane Katrina 

 
David Rutstein, M.D., M.P.H. 

United States Public Health Service 
 
 
 



Medical and Organizational Challenges Resulting from a Radiological/Nuclear Emergency September 2007

1

Lessons Learned From Hurricane KatrinaLessons Learned From Hurricane Katrina

David Rutstein, M.D., M.P.H.David Rutstein, M.D., M.P.H.
CAPT & Chief Medical Officer, USPHSCAPT & Chief Medical Officer, USPHS

Presented to the Presented to the 
Medical and Organizational Challenges Medical and Organizational Challenges 

Resulting from a Radiological/Nuclear EmergencyResulting from a Radiological/Nuclear EmergencySeminarSeminar

25 September 200725 September 2007

No financial relationships to disclose or honorariums received. 



Medical and Organizational Challenges Resulting from a Radiological/Nuclear Emergency September 2007

2

The Federal Response to Hurricane Katrina 
Lessons Learned

• 11 career Federal employees 

• access to every official document 
and every situation report 

• 530+ interviews

• released by the White House on 
February 23, 2006 

• 17 critical challenge areas 

• 125 recommendations for 
improving the Federal response to 
disasters 

http://www.whitehouse.gov/reports/katrina-lessons -learned.pdf
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Critical Challenges
1. National Preparedness
2. Integrated Use of Military Capabilities
3. Communications
4. Logistics and Evacuation
5. Search and Rescue
6. Public Safety and Security
7. Public Health and Medical Support
8. Human Services
9. Mass Care and Housing
10. Public Communications
11. Critical Infrastructure and Impact Assessment
12. Environmental Hazards and Debris Removal
13. Foreign Assistance
14. Non-Governmental Aid
15. Training, Exercises, and Lessons Learned
16. Homeland Security Professional Development and Education
17. Citizen and Community Preparedness

Communications

• Communications infrastructure was destroyed
• 3 million customers lost telephone service.
• Up to 50% of broadcast communications were 

disrupted.
• Both responders and citizens lacked a reliable 

communications network.
• No national, State of region plans to incorporate 

available communications assets.
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Logistics and Evacuations

• State and local officials worked with 
FEMA, DOD and DOT.

• Shelters (chosen or de-facto) were 
inadequate.

• Flooding continuously impeded efforts.
• Lack of communications infrastructure 

compounded the problem.
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Search and Rescue

• Mostly from Federal agencies (USCG, 
FEMA, DOD).

• Lack of overarching plan led to 
coordination problems.

Rescue
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Public Safety and Security

• Looting, violent crimes occurred, but were 
less prevalent than initially reported.

• Security problems obstructed the speed of 
the Federal response.

• Criminal justice system was crippled.
• Federal law enforcement officers were 

deployed, but lacked coordination and 
were impeded by State and local 
ordinances.  

Human Services

• Needs of victims quickly exceeded State 
and local capacities.

• FEMA and the American Red Cross led 
the Federal effort to meet these needs.

• Lack of single point of contact where 
victims could register for all Federal 
services created inefficiencies that 
hampered delivery of assistance. 
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Mass Care and Housing

• Shelters were inadequate but still utilized.
• Interagency coordination was lacking, 

resulting in unused housing assets.

New Orleans Superdome

• 20,000 evacuees and 590 
SNPs

• Swelled to 38,000 
evacuees and 1700 
SNPs in 12 hrs…

• 200 ambulances, 40 
Blackhawks and 4 
Chinooks
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Public Communications

• Public affairs structures were non-existent 
or incapacitated.

• Contradictory messages to the public 
created confusion, eroded confidence.

• The media gathered and aired 
uncorroborated information which 
interfered with ongoing response efforts.

Health and Medical Challenges

• Identification, triage and treatment of acutely 
sick and injured patients.

• Management of chronic medical conditions in 
large numbers of evacuees with special health 
care needs.

• Assessment, communication and mitigation of 
public health risks.

• Mortuary support.
• Assistance to State and local officials to re-

establish health care delivery systems and 
public health infrastructures.
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Federal Health and Medical Support

• HHS and DOD collaborated with State and local 
health officials.

• NDMS teams collectively treated over 100,000 
patients.

• Supplies from the Strategic National Stockpile.
• HHS deployed 24 public health teams.
• VA delivered care in their facilities.
• Command and control of these activities was 

poorly planned and executed.
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Health and Medical Inefficiencies

• Command and control of these activities 
was poorly planned and executed.

• Inadequate evacuation of patients.
• Weak State and local infrastructures.
• Insufficient pre-storm communications to 

the public.
• Absence of uniform electronic health 

records.

greater analysis and planning…..

Planning

December 2004

• Base Plan

• Appendixes

• ESF Annexes

• Support Annexes

• Incident Annexes

http://www.dhs.gov/interweb/assetlibrary/NRPbaseplan.pdf

Local 

State

Federal

Local

State

Disaster ScopeEvent

Local

Request

RequestResources

Resources

Current Disaster Response

Authority

Sovereignty

Governance

Resource 
allocations

Source: Brig Gen Russell J. Kilpatrick, USAF MC. DOD Liaison, ESF-8
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State and Local Response

• Extensive damage to facilities and 
equipment.

• Local responders were severely impacted.
• Complete devastation of communications 

infrastructure.
the result…

• It was difficult or impossible to establish 
functioning incident command structures.

Overwhelming Disaster ResponseCatastrophic Response

Disaster ScopeEvent

Federal Authority

Sovereignty

Governance

Resource 
allocations

Local Local 

State

Local

State

Interagency Collaboration

General Recommendation

• Responders to national emergencies will 
operate according to a single, 
comprehensive but flexible plan that is 
understood, practiced and continuously 
evaluated by all responding entities.

– National Response Plan – NRP
– National Incident Management System – NIMS
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General Recommendation

• Effective disaster response efforts must 
include operable and interoperable 
communications capabilities. 

General Recommendation

• Disasters will continue to cause a sudden 
increase in the size of vulnerable 
populations.

General Recommendation

• The military must be more effectively 
integrated into disaster responses. 
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General Recommendation

• The Nation as a must be better prepared 
for future disasters. 

– a National Preparedness System
– a Culture of Preparedness

Public Health and Medical Support

• Responders must be from all levels of 
government as well as the private sector. 

– all types of health professionals 
– working collaboratively

Public Health and Medical Support

• Communication to the public is the single 
most important function to prevent and 
mitigate morbidity and mortality 
associated with disasters. 
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Public Health and Medical Support

• Local and State health departments must 
gain added disaster preparedness and 
response capabilities. 

Public Health and Medical Support

• All medical responders must use an 
interoperable electronic health records 
system.

Lesson Learned for greater success…

• Competency determines responsibility.
• A strengthened public health and medical 

command drives successful efforts.
– Communication of public health information 

and medical data is vital. 
– Local and State health departments must play 

a greater role.
– Effective integration of uniformed personnel 

and assets is essential.

• Collaboration occurs between people, not 
organizations.
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Contact Info

David Rutstein, M.D., M.P.H.
CAPT & Chief Medical Officer, USPHS
Director, Office of Force Readiness and Deployment
Office of the Surgeon General
5600 Fishers Lane, Suite 18C-26
Rockville, MD 20857
Tel: 301.443.6588
david.rutstein@hhs.gov
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The The GoiâniaGoiânia accident: past and presentaccident: past and present

Valverde NJ Valverde NJ –– Laboratory of Radiological Laboratory of Radiological 
Sciences, State University of Rio de Janeiro, Sciences, State University of Rio de Janeiro, 

BrazilBrazil

CuradoCurado MP MP –– Superintendence Superintendence LeideLeide das das 
NevesNeves Ferreira, State of Ferreira, State of GoiGoiááss Health Agency, Health Agency, 

GoiâniaGoiânia, Brazil, Brazil

The The pastpast

On September 13, 1987, two scavengers entered
the abandoned premises of a radiotherapy clinic in Goiânia
and removed the rotating assembly of a 137Cs radiotherapy 
device. At the house of one of them, they managed to break 
open the shutter of the collimator orifice and were exposed to 
radiation. 

The The pastpast
Five days later, the violated
equipment was sold to a junkyard.
During the next days, fragments of
Cs were given to many persons and
pieces of the equipment were sold to
two other junkyards.
Some people put fragments of Cs
in pockets or rubbed them on the skin.
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The The pastpast
During the next days, people developed
prodromal manifestations of ARS and
local radiation injuries (CRS).
Manifestations were not recognised by
local physicians as radiation induced.

The The pastpast
On September 28, 1987, MG suspected
the manifestations people were presenting
were caused by exposure to “the object”.
She and another individual took it to
the Sanitary Surveillance Secretary of
Goiânia.

The The pastpast

People were admitted to local hospitals,
diagnosed as pemphigus, “allergic dermatitis”
and food intoxication. Finally, on September 29,
a local physicist identified the nature of the accident.
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The past: immediate medical impactThe past: immediate medical impact

ll 20 persons hospitalised (ARS/CRS/external 20 persons hospitalised (ARS/CRS/external 
and internal contamination)and internal contamination)

ll 28 persons with CRS28 persons with CRS

ll One amputationOne amputation

ll 4 deaths 4 deaths 

ll 112,800 persons screened at the Olympic 112,800 persons screened at the Olympic 
Stadium for radiation contamination (~ 15% Stadium for radiation contamination (~ 15% 
of the population)of the population)

§§ 1.347 boxes;1.347 boxes;
§§ 4.223 4.223 drumsdrums;;
§§ 10 sea containers and10 sea containers and
§§ 8 concrete drums.8 concrete drums.

The past: environmental impact The past: environmental impact -- waste waste 
generation generation –– 3,500 m3,500 m33

The past: seven houses demolishedThe past: seven houses demolished
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The past: socioThe past: socio--economical impacteconomical impact

ll Discrimination against victims, relatives, Discrimination against victims, relatives, 
friends, neighbours ...friends, neighbours ...

ll Vehicles with Vehicles with GoiGoiááss plates not allowed in plates not allowed in 
other statesother states

ll Prejudice against Prejudice against GoiGoiááss citizens in airports, citizens in airports, 
interstate bus stations ...interstate bus stations ...

ll The The GoiGoiááss representation was not allowed representation was not allowed 
in a traditional beneficent Catholic fair in in a traditional beneficent Catholic fair in 
RioRio

ll Police force used during burialsPolice force used during burials
ll GoiGoiááss income lowered 30% after 4 months income lowered 30% after 4 months 

of the accidentof the accident

The past: disturbances during The past: disturbances during 
burialsburials

Definitive waste disposal siteDefinitive waste disposal site



Medical and Organizational Challenges Resulting from a Radiological/Nuclear Emergency September 27, 2007

5

Regional Centre Regional Centre ofof Nuclear Nuclear SciencesSciences
Abadia de GoiAbadia de Goiááss

The present: followThe present: follow--up by SULEIDEup by SULEIDE

7417Included by legal determinationIV

22518
Not included in the above criteria, but a 

“social” victim (eg: the person lost 
his/her house)

III

244
Cytogenetics dose =0,2 Gy and or 137Cs 

burden =1/2ALIII

856ARS and or CRS and or cytogenetics 
dose =0,2 Gy and or 137Cs burden =1/2ALI

I

DeathsPersons CriteriaGroup

The present: cancer deaths up to 2006The present: cancer deaths up to 2006

IIIIII

IIIIII

IIIIII

IIIIII

IIIIII

IIIIII

IIIIII

IIIIII

IIIIII

II

GroupGroup

5577TOTALTOTAL

11
SarcomaSarcoma
(maxilla)(maxilla)

11
SkinSkin

(melanoma)(melanoma)

11KidneyKidney

11LungLung
22LiverLiver

11TonsilTonsil

11UterusUterus

22BreastBreast
11

PharynxPharynx

11
BladderBladder

FemaleFemaleMaleMale

GenderGenderKind of cancerKind of cancer

One GI patient died of cirrhosis and had esophagus and prostate cancer
A Group I patient was recently diagnosed as having MDS syndrome
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The present: local radiation injuriesThe present: local radiation injuries

ll sequels (amputations)sequels (amputations)
ll recurrencesrecurrences
§§ three casesthree cases

ll one patient with necrosis of the one patient with necrosis of the 
femurfemur

Past and present: influences for the Past and present: influences for the 
psychological consequencespsychological consequences

The low cultural
and social background of

victims and patients

The magnitude
of the accident

The myth of
radiation as an

evil force

Severe medical
manifestations

and deaths

The press
and lack 

of information

Special consideration on the Special consideration on the 
administration of PBadministration of PB

1.Cesium contamination was caused mainly by ingestion 
and penetration through local radiation injuries.

2. A total of 46 individuals received PB. Daily doses varied 
from 3 to 10 g d-1.

3. PB was given 2 to 6 times per day. The minimum 
interval was 2 hours. Four patients received 20g during 
one day, but gastric complaints determined discontinuing 
this.

4. Drug administration started in day 19 PE, but even latter 
in some patients.
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Side effectsSide effects

• hypokalemia (possible – values 2.5 to 2.9 mEq L-1) [The 
effect of PB in decorporating Cs>Rb>K>Na];

• intestinal constipation in 10 individuals;

• dyspepsia (6 mo latter, in 11 individual that had also other 
causes for the manifestation).

PB efficacyPB efficacy

1. The efficacy of PB to reducing Cs burden was 
followed by about 4,000 urine and faeces bio-assays.

2. The average reduction of 137Cs biological T1/2 with PB 
was the same either with a daily dose of 3, 6 or 10g:

* In adults – 69%
* In adolescents – 46%
* In children – 43%

Influence of PB on the biological half-life of 137Cs in 
adults
(adapted from IAEA-TECDOC-1009 – Dosimetric and medical aspects of the 
radiological accident in Goiânia in 1987 – Efficacy of Prussian Blue therapy for 
decorporation of cesium – p.39)

SUBJECT 3 g d-l 6 g d-l 10 g d-l after PB 
a x 20 33 58 
b 21 17 x 75 
c 26 63 x 106 
d 17 39 x 80 
e 21 15 x 75 

Mean - +/- SD 25 +/- 9 25 +/15 26 +/- 6 x 
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PB clearly altered the feces to urine 1:4 caesium ratio of 
excretion

Feces to urine ratio for people subjected to PB treatment (from IAEA-TECDOC-
1009 – Dosimetric and medical aspects of the radiological accident in Goiânia in 
1987 – Efficacy of Prussian Blue therapy for decorporation of cesium – p.40)

Prussian Blue (g d- l) 
Subject 

0 3 6 10 

EDF 0.19 1.13 1.45  

DAF 0.24 1.15 1.75  

GGS 0.02 1.58 1.95  

WMP 0.50  1.44  

RAS 0.28  2.05 5.76 

EAS 0.17 1.61 2.52 2.84 

LOMS   2.82 5.50 

DAF   2.50 4.62 

KSS  2.16 1.62  

ERF  1.44 1.25  

 

PB clearly altered the feces to urine 1:4 caesium ratio of excretion: example 
of the effect of PB administration (from IAEA The Radiological Accident in 

Goiânia – p.53)

3.7

7.4

11.1

14.8

18.5

22.2
Activity in excreta –
104 Bq

20 30 40 50 60 70 80
Time
(days)

x

x

x

x
x

x x
x x x

X urine

. feces 

A A specialspecial casecase

ll PatientPatient LNF, 6 LNF, 6 yryr--oldold
ll InitialInitial calculatedcalculated CsCs intakeintake: 1,677 : 1,677 MBqMBq (279.5 (279.5 

ALI)ALI)
ll PB: 6g/dPB: 6g/d
ll BloodBlood activityactivity onon dayday 10: 52.92 10: 52.92 MBqMBq/L/L
ll BloodBlood activityactivity onon dayday 24: 18.14 24: 18.14 MBqMBq/L/L
ll 137137Cs Cs TTefef forfor a 6 a 6 yryr--oldold girlgirl::
§§ 8.8 d 8.8 d forfor 44% 44% ofof thethe burdenburden
§§ 32 d 32 d forfor 56% 56% ofof thethe burdenburden
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ConclusionsConclusions

ll The Goiania accident was characterized by The Goiania accident was characterized by 
protracted exposures of protracted exposures of individuals of the individuals of the 
publicpublic to ionizing radiation.to ionizing radiation.

ll The violation of the cesium source happened The violation of the cesium source happened 
on September 13, 1987 and the accidenton September 13, 1987 and the accident’’s s 
nature was only evident sixteen days later. nature was only evident sixteen days later. 

ll This fact was mainly caused because This fact was mainly caused because local local 
health personnel were not able to identify the health personnel were not able to identify the 
clinical manifestations of the victims as clinical manifestations of the victims as 
radiation induced ones. radiation induced ones. 

ConclusionsConclusions

ll A planted radiation source could also A planted radiation source could also 
determine protracted exposures of determine protracted exposures of individuals individuals 
of the publicof the public..

ll One lesson from Goiania is that health One lesson from Goiania is that health 
personnel must be aware of the clinical personnel must be aware of the clinical 
manifestations of whole body and local manifestations of whole body and local 
radiation exposures (radiation exposures (““acuteacute”” radiation and radiation and 
cutaneous radiation syndromes).cutaneous radiation syndromes).

ConclusionsConclusions
ll Besides conventional injuries, the detonation of a Besides conventional injuries, the detonation of a 

radiation dispersal device (RDD) could also cause radiation dispersal device (RDD) could also cause 
both external irradiation and also contamination (like both external irradiation and also contamination (like 
in Goiania). It is possible that the preferable in Goiania). It is possible that the preferable 
radiation source in a radiation source in a ““dirty bombdirty bomb”” would be a would be a 137137Cs Cs 
one, because its chemical properties (like in one, because its chemical properties (like in 
Goiania).Goiania).

ll Authorities in charge to responding to a radiation Authorities in charge to responding to a radiation 
emergency must consider aspects like:emergency must consider aspects like:

§§ hospitals preparedness to cope with patients both with hospitals preparedness to cope with patients both with 
conventional trauma but also with radiation conventional trauma but also with radiation 
contamination;contamination;

§§ the supply of specific drugs like Prussian Blue;the supply of specific drugs like Prussian Blue;
§§ medical protocols for triage and treatment of victims medical protocols for triage and treatment of victims 

with radiation injuries;with radiation injuries;
§§ mass communication and the psychological mass communication and the psychological 

consequences of a radiation emergency.consequences of a radiation emergency.
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ConclusionsConclusions

ll It is likely that the detonation of a radiation dispersal It is likely that the detonation of a radiation dispersal 
device (RDD) would cause a disproportional fear of device (RDD) would cause a disproportional fear of 
the the ““radiation riskradiation risk”” in the public in general (like in in the public in general (like in 
Goiania).Goiania).

ll In this respect, authorities in charge to responding In this respect, authorities in charge to responding 
to a radiation attack must consider aspects like:to a radiation attack must consider aspects like:

§§ timely and adequate information;timely and adequate information;
§§ reassuring;reassuring;
§§ psychosocial assistance.psychosocial assistance.
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Radiation Can Dissipate Its Energy By 
Two Methods

ØEXCITATION

ØIONIZATION

Excitation

Amount of energy absorbed raises an electron in 
an atom/molecule to a higher energy level 
without ejection of the electron

Ø Occurs following exposure to non-ionizing 
radiation e.g., UV
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Ionization

Ø Occurs when the absorbed radiation has enough 
energy to eject one or more orbital electrons from the 
atom/molecule

Ø Energy dissipated per ionizing event is ~ 33eV; only 
4.9 eV required to break a C=C bond

Ø Radiation with such energy called ionizing radiation, 
e.g., α and β particles [particulate radiation], X and γ
rays [electromagnetic radiation]

Particulate Radiation
α particle : positively charged particle emitted by 
radioactive materials.  Consists of 2 protons + 2 
neutrons, identical to a helium nucleus

Ø VERY ionizing; thousands of ionization events/cm 
of travel

Ø Internal hazard only: inhalation/ingestion/wound

Ø Easily stopped by sheet of paper

Particulate Radiation

Ø Polonium210 emits α particles, penetrate ~ 60 mm in 
biological tissues

Ø Highly toxic if internalized, taken up by a broad spectrum of 
tissues

Alexander Litvinenko, 1963-2006
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β particle emitted from a nucleus during radioactive 
decay. Negatively charged β particle identical to 
electron; positively charged β particle called a positron

Ø ~7200x less massive than a

Ø Can present internal and external hazard to humans, 
particularly skin burns

Ø Stopped by Lucite shielding or thin metal sheet 

Particulate Radiation

Gamma rays (?): a quantum (packet) of 
electromagnetic energy, similar to x-ray (only 
difference is origin)
Ø Travel at speed of light
Ø VERY hazardous; require massive shielding 

for human protection

Types of Ionizing Radiation

Examples: X rays and γ
rays 

Can view as either a wave 
of electrical and 
mechanical energy or as 
photons (packets of 
energy) 

Electromagnetic Spectrum
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Ionizing Radiation

Ø Irradiating biological material leads to a 
random distribution of energy in tissues and 
cells

Ø With ionizing radiation photons contain 
sufficient energy to break chemical bonds 
leading to biological effects

DNA Damage is a Critical Event in 
Radiation-induced Cell death

Ø Microirradiation studies indicate that to kill cells by 
irradiation the cytoplasm requires much greater doses than 
the nucleus; >250 Gy compared with ~2 Gy

Ø Isotopes such as 3H and 125I that emit short range β particles, 
when incorporated intercellular DNA, efficiently produce 
radiation cell kill and DNA damage

Ø The incidence of chromosomal aberrations following 
irradiation is closely linked to cell kill

Ø Thymidine analogues such as IUdr and BrUdr when 
specifically incorporated into DNA modify radiosensitivity. 
Substituted deoxyuridines, which are not incorporated into 
DNA, have little affect on cellular radiosensitivity 
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Ionization and Radical Formation

Ionization of water leads to generation of an ion pair

H2O + radiation → H2O+• + e -

H2O+• is an ion radical: ion is an atom/molecule that is 
electrically charged since has lost an electron

Free radical is atom/molecule that possesses one or more 
unpaired electrons; highly reactive

Ionization and Radical Formation

H2O +• → H+ + HO•

e- + H2O → e-
aq

A hydrogen free radical can also be produced, together with some
hydrogen peroxide:

e-
aq + H+ → H•

HO• + HO• → H2O2

Ionization and Radical Formation

Radiolysis of water:

H2O + radiation → e-
aq + HO• +H• + H2O2

G values 2.63   2.72   0.55    0.68

G value: measured yield of molecules produced by absorption of 
100 eV X rays. For low LET, highest yields are e-aq and HO•.
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Direct and Indirect Effects of Radiation

Direct effect: target molecule itself reacts 
directly with radiation

RH → RH+

RH+ → R• + H+

Direct and Indirect Effects of Radiation

Indirect effect: ionizing radiation generates free radicals 
from the radiolysis of water

These can indirectly form radicals with the target 
molecule

RH + HO• → R• + H2O

RH + H+ → R• + H2

“Fixation” of Biological Injury

In the presence of oxygen, 
an organic peroxyl 
radical is formed. This 
cannot easily be 
repaired, and so acts to 
“fix” the biological 
injury

R• + O2 → ROO•
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Absorption of radiation

Ionization/Excitation

Chemical lesion

Enzymatic repair or fixation of damage

Biological Effects

X rays

10-15 seconds

10-5 seconds

Hours

Days to months to years

Radiation Cell Killing

Ø For cells proliferating in vitro, define cell death as 
loss of reproductive ability

Ø Refers to cell losing its ability to exhibit unlimited 
cell division

Ø Clonogenic cell: cell that has reproductive ability, can 
divide indefinitely to produce a large colony or clone

Radiation Cell Killing

Ø In vivo, predominant form of cell death following irradiation 
occurs at mitosis, requires a dose of ~ 2 Gy

Ø Irradiating non-dividing or rarely dividing cells with very high 
doses, ~ 100 Gy can cause loss of cell function and death, i.e.,
Interphase Death

Ø Apoptosis or programmed cell death: involves programmed 
sequence of events controlled by specific genes. Can occur at 
low doses of radiation
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Construction of an in vitro cell 
survival curve

Hall, Radiobiology for the Radiologist

Cell Survival Curve

To construct a cell survival curve use a range of doses and 
determine the surviving fraction, SF, after each dose

SF after dose D = mean number of colonies after dose D/dish
mean number of cells plated/dish x PE

Number of cells seeded per dish needs to be adjusted so that a 
countable number of colonies is obtained

Mammalian Cell Survival Curves
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Dose-Rate Effect

Ø For X- or γ rays, dose rate is one of the most 
important factors that determine the biologic effect of 
a given dose

Ø As dose rate is lowered and exposure time increased, 
biologic effect is in general reduced

Ø Seen over a dose range of 1 Gy/min to 0.3 Gy/h; with 
decreasing dose-rate see loss of shoulder

Dose-Rate Effect

Dose-Rate Effect


