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Especially damaging 
to internal tissues 
if inhaled or 
swallowed 

 
Damaging to internal 

tissues if inhaled 
or swallowed and 
can cause external 
skin burns 

 
Damaging to tissues 

externally and 
internally 

 



 Amount of radioactivity  
 Curie (Ci), Becquerel (Bq) 

 
 Ambient radiation levels 

 Roentgen (R) per hour, rem per hour, Sievert (Sv) per hour  
 

 Radiation dose 
 Rad, rem, Gray (Gy), Sievert (Sv)  
 
 



 Ci 
 

1 Ci = 37 billion dps 
 

 
 
 

 
 
 
 
 

 
 
• Bq 
 
 
 
1 Bq = 1 dps 
 



 U.S.: rem, rad, Roentgen (R) 
• International:  Sievert (Sv) and Gray (Gy) 
• Most common unit (U.S.) for health effect: rem 

            

     1 rem = 0.01 Sv 
         1 mrem = 10 mSv 
 
          1 Sv = 100  rem   
       1 mSv = 100 mrem 
     1 mSv = 100 mrem 
  

 





Source: NCRP Report No. 160, Ionizing Radiation Exposure of the Population of the United States (2009) 
 

Natural 
background 

50% 

Consumer products, 
occupational 

2% 

Medical 
48% 





Airport Screening               0.010 
NY to London by air                                         5 
Chest x-ray                                                 10  
Natural (annual)                              300 
CT Scan -Abdomen                           1,000    
Occupational annual limit                 5,000  
50% survival (whole body)                  400,000 
Radiation therapy (tumor)               8,000,000 
 

1 mrem = 10 mSv 
 
 

 



 Time 
 Distance 
 Shielding 

 
Guiding principle for controlling exposures: 

ALARA 
As Low As Reasonably Achievable  



Depending on radiation dose, dose rate, and 
other parameters (e.g., age):  
 

 Acute effects (acute radiation syndrome)  
 Late effects (cancer) 
 No observable effects 

 



 Most cancers can be induced by radiation 
 

 Clear evidence for leukemia, breast, 
 thyroid, salivary glands, stomach, colon, lung 
 
 Young age at exposure increases risk 
 
 Risk persists throughout life, but temporal patterns 

are suggested 



 Radiation types: alpha, beta, gamma 

 Radiation and radioactivity are part of our natural 

environment  

 Radioactive contamination is not immediately 

life threatening. 

 Decontamination is relatively simple. 
 



 Radiation can be readily detected. 

 Dose Units: rem (U.S.) 

 Radiation can kill in short term or cause 

cancer in long term 

 It is all about the dose 



Acute radiation syndromes 



 Radiation and radioactivity occupy a vivid 
region of the human imagination 

 
 The general public derives its understanding 

from key historic events and from popular 
media 

 
 Both science and science fiction influence 

cultural response and emotions 
 

 









Baker test July 25, 1946 



First Hydrogen bomb ”Ivy Mike” November 1, 1952   Eniwetok Atoll 
Castle Bravo test   March 1, 1954      Bikini Atoll 







 













Watts Bar 

Sequoyah  

























The China Syndrome      March 1979 





 





 A nuclear incident involves a 
nuclear detonation 

 A radiological incident does NOT 
involve a nuclear detonation 

incident does NOT incident does NOT 







 Strategic Nuclear Weapons 
 Think Cold War (megaton range) 
 Not considered a likely threat today 

 
 Improvised Nuclear Device (IND) 
 Think Hiroshima “Little Boy” 
 Low-yield kiloton range 
 Possible tool of terrorism 
 No warning 

Not considered a likely threat today



http://www.remm.nlm.gov/plume.htm 



“The American people face no 
greater or more urgent danger 
than a terrorist attack with a 

nuclear weapon.” 

http://www.whitehouse.gov/sites/default/files/rss_viewer/national_security_strategy.pdf  





 Transportation accidents 

 Nuclear power plant accidents 

 Spent fuel storage leaks/spills 

 Space vehicle accidents 

 Gas explosion/fire at any licensed facility 

 Explosive RDD (dirty bomb) – National Planning Scenario #11 

 Non-explosive RDD (Cesium Chloride [CsCl] solution spray) 

 Radiation Exposure Device – (hidden source) 



• Contamination of food or water  
• Importation or planting of material 
• Spreading radioactive material (RDD) 
• Dirty bomb 
• Bombing or destroying a nuclear reactor
• Railway/Highway vulnerability spill 
• Exploding a nuclear weapon 

 

Intentional release of radioactive material:  
 



 A device that disperses radioactive material by 
conventional explosive (dirty bomb) or other 
mechanical means, such as a spray. 







 



 A device whose purpose is to expose people to 
radiation, rather than to disperse radioactive material.  
“silent source” 







 9.0 magnitude earthquake 
 

 Tsunami  
 

 Nuclear power plant damage 
and radiation release 







  CDC Emergency Operations 
Center activated  

 
 3 persons  deployed by CDC 

 
  Travel health precaution 
posted on CDC website  
 



 The world’s worst nuclear reactor disaster 
 

 10 km radius uninhabitable indefinitely 
 

 30 km radius controlled entry indefinitely 
 

 Impacting towns and large rural areas







 No one was physically harmed. 
 
 

 Radiation doses were miniscule. 
 
 

 Tremendous social and economic 
impact. 



 249 exposed; 54 hospitalized 

 Eight with ARS 

 Four people died 

 112,000 people monitored 
(>10% of total population) 

 Psychosocial Impact 

Courtesy of Dr. Jose Rozental 



Three Mile Island, Middletown, PA (1979) 
 Nuclear Reactor 

 Mechanical problem & operator-induced error 
 144,000 individuals within 15 mile radius evacuated 
 Initial official communication was confusing 
 Schools closed 
 Public perceptions of term health effects 

 
• Radiation exposure to public minimal 
 The only detectable effect was psychological stress during and 

shortly after the incident. 
 Pennsylvania DOH maintained registry of 30,000 individuals x 18 

years            
ZERO measured health effects 



Goiana, Brazil (1987) 
 Discarded radioactive medical equipment  
 

  249 individuals contaminated 
 4 related deaths 
 Public concern spread throughout the city and outlying regions 
 Government screened about 125,000 persons for possible exposure. 
 Of the first 60,000 screened, 5,000 individuals had psychosomatic 

symptoms that mimicked those of radiological exposure.  
 None of them had actually been exposed to the radioactive materials 
 112,000 sought medical evaluation (11% of population) 



 Incidents involving radiation cover a wide range of 
scenarios. 

 
 A nuclear detonation creates by far the greatest amount 

damage and loss of life. 
 
 Radiological incidents can involve exposure and/or 

contamination.  They may be limited in scope or cover 
wide geographical areas. 
 

 Both present many public health challenges, even at 
communities far removed from the scene. 



①  Could our community be affected  by a nuclear 
or radiological emergency? 

 





 Radiological and Nuclear Preparedness: Assessing 
Selected State and Local Public Health Emergency 
Response Plans 
 

 Ongoing survey will determine the extent to which 
selected states and/or localities have developed and 
exercised radiological and nuclear public health 
emergency response plans. 





OIG Report 



OIG Report 



 Conclusion: In nearly every measure of 
public health capacity and capability, the 
nation is poorly prepared to respond to a 
major radiation event. 
 

 Average subjective preparedness score for 
a radiation emergency was 4.54 on a scale 
of 1 to 10. 
 

Council of State and Territorial Epidemiologists 



 Explore with CDC how to incorporate radiation 
preparedness as a priority in all hazards capabilities 
development. 
 

 Promote strategic planning between state public health 
emergency preparedness and traditional radiation 
personnel to increase collaboration. 

 















 The Department of Homeland Security 
has overall authority for emergency 
response activities as laid out in the 
National Response Framework (NRF) 
 

 The Department of Health and Human 
Services under the NRF has responsibility 
for public health and medical services 
(Emergency Support Function 8) 

 
 The Centers for Disease Control and 

Prevention executes public health 
response activities 
 



 Incorporating the Whole Community Approach 
■ Improving  the nation’s preparedness for catastrophic events in continuous 

collaboration with ALL members of the community 
■ Plan for the “Maximum of the Maximums” catastrophic event : the real, not the 

manageable 
■ Consistent with and expands upon existing emergency preparedness and response 

systems and doctrine 
■ Focus: Stabilize catastrophic effects with emphasis on the first 72 hours 
■ Requires a new planning framework and targeted preparedness campaign. 

 

Phase 2a: Immediate 
Response  

E to 24 Hours 

Phase 2b: 
Deployment 

24 hours to 72 
hours 

Phase 2c: 
Employment, 

sustained response 

72 + hours E 

Stabilize in 72 hrs  



■ Leverage the whole community vs a “government-centric” approach 
View public as an asset, not a liability 
 

■ Think “community” in terms of resources, concepts of operations, etc.  
 

■ Focus on outcomes, with acute emphasis on increasing the number of 
people who survive 

 
■ Response is a push event; recovery is a pull event 

 
■ Think bigger – engage “atypical partners and collaborators” and train 

and exercise to reduce impediments to cooperation 
 

 
 

and exercise to reduce impediments to cooperation



 New partners
 New concepts of operation 
 Authorities:  More effective use of existing authorities, or identification of 

new requirements 
 New or enhanced pre-scripted mission assignments 
 Pre-incident preparedness programs 
 Implications for academic, R&D, and other communities 
 Implications for physical, programmatic and effective communications 

accessibility  
 

New ways of thinking and/or conducting business will need to be 
explored in order to recover from catastrophic disaster events.  
Working groups will examine: 

Implications for physical, programmatic and effective communications 



Fully involve States, cities and the 
public in the “Maximum of 
Maximums” planning initiative 

Stand-up Stakeholder Engagement 
Working Groups 

Assess courses of action across the 
“Core Capabilities” 

Refine existing Pre-scripted Mission 
Assignments (PSMAs) 

Pilot “Maximum of Maximums” 
draft products through NLE 2011 
(NMSZ) 

Short-Term 
Goals 

Implement non-traditional (atypical) 
solutions to minimize response 
deltas  

Incorporate “Whole Community” 
framework  throughout the nation 

Long-Term 
Goals 



 Economy 
 
 Reauthorization of Pandemic and All 

Hazards Preparedness Act (2006) 
 

 Leverage funds from the 
Departments of Homeland Security 
and Defense 

 
 2011 National Standards for State 

and Local Planning 



① Could our community be affected  by a nuclear or 
radiological emergency? 

② What are the public health roles in radiation 
emergencies? 

 



 Registry 
 Handling of the deceased  
 Rumor control 
 Public service 

announcements 
 
 
 

 Rapid assessment of health and 
medical needs 

 Sheltering and housing, mass care 
safety 

 Injury and illness surveillance 
 Potable water, safe food, 

sanitation and hygiene 
 Vector control 
 Solid waste, waste water 

management 
 Hazardous material disposal 
 



Public health practitioners need to work closely with radiation 

safety professionals 

 

Public                      Health  Physics  





 Laboratory and epidemiological detection and 
characterization of events 
 

 Clinical and self-help guidance 
 

 Countermeasures for medical and population 
response (where appropriate) 
 

 Linkage across the health system from the local to 
state, national, and even international levels 
 

CDC  Focuses on Public Health Strengths 





 The first priority is to save lives: respond to and treat the injured first 
 

 Contamination with radioactive materials is not immediately life 
threatening 
 

 Initial population activities should focus on preventing acute radiation 
health effects 
 

 Fear of radiation may dominate response and management 
 

 Radiological decontamination recommendations differ from those for 
chemical or biological agents 

 
 Law enforcement resources may be simultaneously engaged in the 

investigative and criminal aspects of the event 







International Atomic Energy Agency Zone System 



Plan to receive a large population 

 Potential for contamination 

 Potential for injuries 

 Some may need immediate medical care 

 Most may need shelter/temporary housing 

 All would be stressed  
 



 People need to be screened and triaged, 
preferably at locations other than area hospitals 
(more on this later)  

 Response and recovery from detection to site 
decontamination could extend for months or 
years 

 Biomonitoring might be performed for years 



Public/Responder Reactions 
 
 Plan for how people will respond, not how you want them 

to respond! 
 
 Radiation effects are not clearly understood by the public 
 
 Concern, anxiety, fear and panic 
 
 Concerns about short and long term health effects 
 
 Concerns about contamination/contagion 
 
 Social stigma 



“When people are confused about their actual health risks, 
some will assume incorrectly that they have been 
exposed and will develop physical reactions.”  

 
 

National Child Traumatic Stress Network (NCTSN) 2010 
 



Surge on the Healthcare Sector 
 
 Medical “home” may or may not be available 

 
 Traditional places for seeking care (e.g. hospitals, clinics) may 

be overcrowded 
 

 Staffing shortages 
 

 Personnel Training 
 

 Mental health vs. physical health triage 
 

 Availability of prophylaxis or treatment medications 
 
 Alternate care system and standards of care 
 



Communication with the Public 
 
 Information sharing-What? When? How? 
 
 Social media 
 
 Trusted informants 
 
 Messaging to special needs populations, risk groups 
 



 
• Progressive radiation exposure  
                       vs 

 

• Sudden radiation exposure 
 
 
 
 

Conceptual issues: 
 



















 
• Limited availability of medications 
• Potassium Iodide (KI) 
• Prussian Blue 
• Diethylene Triamine Pentaacetate (DTPA) 
• Neupogen and related cytokine /CSF drugs 

 
 
 

Public health response issues: 
 



 Potassium Iodide (KI) tablets 
 Prussian Blue  
 Ca-DTPA, Zn-DTPA 
 Neupogen® 

www.remm.nlm.gov  

www.fda.gov/Drugs/EmergencyPreparedness/default.htm 





















• Logistical Issues: 
• Delivery 
• Time is of the essence 
 

• Transportation 
• Public safety vehicles 
• Courier 

 

• Locations 
• Hospitals 
• Homes 
• Community Reception Centers 
 

 
 
 

Public health and medication response 





 Department of Defense supports 
transport of injured 
 Current protocols: injured must be 

stable and decontaminated before 
they will be accepted for transport 
 
 

 American Red Cross supports public 
shelters 
 Current protocols: Before entering a 

shelter, evacuees need to be free of 
radioactive contamination 

 
 









www.crcpd.org/RDD.htm 
www.remm.nlm.gov/PlanningGuidanceNuclearDetonation.pdf 
 
 





Evacuation 
 
 Determining when, who, where, and how 
 
 Addressing special needs populations 
 
 Setting up evacuee receiving sites 
 
 Determining the services offered at these sites 
 
 Population monitoring (short/long term) and decontamination 
 
 Pets 



• Chernobyl (1986)  
• 116,000 initially from the 30-km radius 
• 210,000 additional from Ukraine, Belarus, and Russia 
 

• Fukushima  (2011) 
• 170,000 from the 20-km radius 
• 450,000 people occupy 2600 evacuation centers  
 

• Our National Planning Scenarios 
• IND (scenario 1) – One million + self evacuate 
• RDD (scenario 11) – Hundreds of thousands self evacuate 

 



Sources:  The Times-Picayune, October 13, 2005; FEMA, Census Bureau, Queens College Sociology Dept. 



 Most disaster survivors experience ‘expectable’ reactions and are generally 
capable of functioning effectively in the aftermath of a disaster. 

 The vast majority of survivors do not develop long term psychiatric disorders. 
 However, some will go on to develop both short and long term mental health 

problems. 

(Galea, 2006) (Galea, 2006) 



 20-50% of individuals exposed to disasters experience 
psychological responses that are: 
 
• Immediate (onset within one month of trauma) 
• Mild (fewer symptoms than needed for full diagnosis) 
• Transient (symptoms are less than 1 year in duration) 
 

 Majority recover fully from any psychological effects within 
12-18 months 

 
 May be longer for human-caused disasters 
 



(Adapted from Zunin/Meyers) 



 Radiation emergencies may cause psychological 
traumatic stress, with both short and long-term 
effects 

 

 Extend beyond the individuals directly affected.  

 

  Situations with a high degree of uncertainty, 
regarding potential future health effects, may be 
more psychologically traumatic than others.  



Medical Professionals and First Responders 
 
 Have limited experience in managing casualties 

from radiation events. 
 May experience fear, shock, anger, helplessness 

and worry 
 May be concerned about exposing family/friends 
 

Psychological support services, education and 
training may mitigate potential staff shortages 

during these incidents 



 Public shelter locations 
 
 

 Radiation screening staff and equipment 
 

 

Photo credit: Christian Science Monitor, Mario Villafuerte/PhotoLouisiana.com 













 Evaluation of subjects, gathering samples, 
and recording of data is a serial process 

 Any step can be rate-limiting 
 Public health agencies must maximize 

efficiency of data collection during disasters 
 Little evidence comparing efficiency and 

utility of data collection tools in a disaster 



Local response strategy for conducting population 
monitoring 

 Multi-agency effort, public health lead  
 Staffed by government officials and organized volunteers 
 Opened 24-48 hours post event 
 Located outside of hot zone 
 Comparable to PODs, NEHCs 

 
 

 
 



 Services include: 
 Contamination screening 
 Decontamination 
 Information 
 Limited medical care 
 
 

 Main purpose is to prioritize 
people for further care 
 Ease burden on hospitals 
 Manage scarce medical resources 
 Registry 

 

 
 



Home 

Public 
Shelter 

Hospital or 
Alternate 
Care Site 

Affected Area 

Surrounding 
Community 

CRC Endpoint Origin 



7 Stations: 
 

 Initial Sorting 
 First Aid 
 Contamination Screening  
 Wash 

 
Contamination Control Zone 
Clean Zone 
 

 Registration  
 Radiation Dose Assessment 
 Discharge 



Staff identify people who have : 
 Urgent medical needs 
 High levels of contamination 
 Special needs 
 Decontaminated before coming to 

the CRC 



 Medical staff care for and/or transport 
patients with urgent medical needs 

 Life saving care takes priority!  
 Do not delay transport for 

decontamination! 

 



• Staff screen people for external 
contamination 

• Radiation detection equipment  
• Consult your state or local 

radiation control authority for 
assistance 

 



• Staff monitor and 
facilitate showering 

• People wash 
themselves 
• People with special 

needs may require 
additional assistance 



Staff collect information for registry and long-term follow-up: 
 Patient name 
 Contact information 
 Destination 
 Proximity to event  
 Time in affected area 

 



Clinical and health physics staff: 
 Screen for internal contamination 
 Assess radiation exposure
 Assess need for bioassay 
 Assess need for treatment 
 Prioritize for short-term follow-up  



Staff provide information for 
people discharged: 

 Assess need for counseling 
 Discharge to home or shelter 
 Provide referral for further care 



 Process can be adjusted to 
meet capabilities  
 Instrumentation 
 Personnel 

 
 Additional processes can be 

added as needed or as possible 
 Pets 
 Relocation services 

 

Initial Sorting Area 

Emergency Medical Care or 
Transfer 

Wash Station Area 

Survey and Monitoring Area 

Registration and Dose/Medical 
Assessment Area 

General Registration Area 

Discharge Area 





① Could your community be affected  by a nuclear 
or radiological emergency? 

② What are the public health roles in radiation 
emergencies? 

③ Is “radiation” included in your All-Hazards 
planning? 

 



Resources:  CDC/ORISE/REACTS 







Smartphone apps and web resources are expanding 











The LNT model was introduced as a concept to facilitate 
radiation protection.   
 
The use of this model has led to the claim that even the 
smallest imaginable dose has the potential to be 
carcinogenic.  This concept is highly  hypothetical and is not 
presently supported by epidemiological or laboratory data. 
 
There are medical, economic, and societal dynamics of our 
present risk application.  These have tremendous influence 
on the public health response to a radiation emergency. 



Of the 200,000 registered Japanese survivors who received radiation exposure, 
over 40% are still alive 
 
 
The radiation exposures were essentially full body, single dose 
 
 
Leukemia risks began to appear at about five years after the bombings 
 
 
Solid tumor risks were much slower to appear 
 
 
Both leukemia and solid tumor risks seemed to be dose dependant 



Of one study cohort of 120,000 people, there were 219 deaths from leukemia between 
1950-2002 
 
45% (98 people) had leukemias which could be statistically attributed to the radiation 
exposure 
 
The ratio of radiation induced leukemias varied with dose.  At over 100 rem, 86% of 
leukemias could be attributed to radiation exposure.  At dose of 10-50 rem, 36%; and at 
dose 0.5 rem to 10 rem, 5% could be attributed. 
 
  
 
 



In a cohort of 100,000 Japanese people from Hiroshima and 
Nagasaki followed until 2002, there were 7,851 deaths from 
cancer.  11% of these could be attributed to the radiation 
exposure. 
 
As was seen in leukemia, risk increased with dose. 
 
Potential carcinogenic confounders such as burn injury, 
inflammation events, altered health habits, blast/dust effects 
can’t be parsed easily 





 Average 20 yr cumulative excess radiation dose 1986-2005 
 10-30 mSv 

    
 

 In highest contaminated areas (exclusion zone) average  
 20 yr effective dose 

o 50 mSv 
 

 Compare to many world areas where backround radiation is 
much higher than Ukraine, on the order of excess over world 
average of 200 mSv in 20 years 



 

 NO increase in 
 
• Leukemias 
• Solid tumors (other than thyroid cancers) 
• Stillbirths 
• Miscarriages 
• Mental retardation 
 

 INCONCLUSIVE data 
 
 Birth defects 

 
 

 
  

 



 Aggressive thyroid cancers in children began to appear at 5 yrs 
 Baseline iodine insufficiency in region 
 Diet with significant caloric percentage from cow’s milk 
 

 Dose threshold for thyroid cancer seems to be about 200mSv 
 

 City of Pripyat received iodine 6 to 30 hrs after event began—
rate of thyroid cancer 1/6 of surrounding region 
 

 Model suggests that if iodine had been made available and if 
warnings communicated regarding milk and leafy vegetables , 
thyroid cancer rate would have been ~5% of observed 



Among 400,000 U.S. workers with lifetime exposures of 150 mSv or less, 
the health outcomes are indistinguishable from matched cohorts 
 
There has been no established increased risk for solid tumor incidence up 
to a threshold of 400 mSv 
 
Leukemia threshold seems to be about 200 mSv, but at magnitude of a 
1.08 risk factor. 
 
A large scale Canadian database study found cancer incidence risk for 
nuclear workers to be 0.7x of matched controls. 



Life on earth evolved in a bath of ionizing radiation at levels much higher 
than present. 
 
Aerobic organisms developed defenses against metabolically induced  
reactive oxygen species while evolving sophisticated means of DNA repair 
and elimination of damaged cells.   
 
Many lines of data show that these defenses are upregulated at low level of 
radiation, and are more pronounced in fractionated or continuous low-level 
exposures. 



Kerala region of India has high background radiation due to sandy 
soil rich in thorium.  Lifetime background exposure to gamma 
radiation can be 70 to 80 X that received in London. 
 
Kerala has no excess cancer incidence or mortality compared to 
remainder of India.  Leukemia rates are lower than expected. 



In Taiwan in the 1950s, Co 60 was inadvertently incorporated 
into tons of steel destined for construction.  For residents in 
those buildings the lifetime excess radiation can approach 1,000 
times background radiation. 
 
Yet, overall cancer incidence in 40% of expected and mortality is 
less than 50% of that of matched national cohorts. 
 
Only leukemia in men (6 : 1.9 o:e) and thyroid cancer in women 
(6 : 2.8 o:e) were noted. 



 
Misinformation and faulty risk models led to likely unnecessary traumatic 
evacuations of about 200,000 Ukrainian and Belarussian people. 
 
An estimated 1,250 excess suicides occurred in distraught people, many of 
whom had false impressions of risk for health outcomes.  
  
Between 100,000 and 200,000 elective abortions were performed in anxious 
women concerned over birth defect risks.  Many were documented in western 
Europe. 
 
Epidemiologists have identified elevated patterns of risky behaviors and 
increased substance abuse patterns in survivors. 
 
Use of terms like “victims” and “afflicted” have created personal and social 
barriers to good health 

Overestimating radiation risks can have 
severe detrimental effect.   
 


