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Introduction

A highly radioactive teletherapy source, abandoned by a clinic in a large city, is stolen and pried open.  It is then sold to junk dealers for scrap.  Inside is a beautiful, glittery blue powder.  A little girl in the junk dealer’s house plays with the powder, spreading it on her face and eating it.  Others in the house play with the powder as well.  Two weeks later, the junkyard owner’s wife, concerned about some of the symptoms her family are exhibiting, takes a bag of the blue powder with her on a bus to a doctor’s office at the local health department.  Initially, the diagnosis is a tropical disease, and some of the affected individuals are sent to the tropical disease hospital.  After some consultation, one of the involved physicians suspects radiation poisoning and alerts a physicist he knows, from the national radiation control authority.  By the time the physicist confirms the presence of radiation, the material has been spread over a large area, primarily in low-income neighborhoods where many residents are poorly educated or even illiterate.  Dozens are hospitalized, more than a hundred thousand demand to be monitored, and four people ultimately die, including the little girl – whose body must be buried in a lead coffin sealed in concrete.  Public information is scant at first, and the population is terrified.  The economy of the area is dealt a serious blow.  The cleanup takes several months in sweltering heat and humidity.  (See Appendix 1 for a more detailed account of this incident.)

A former intelligence agent, after having dinner with colleagues at a hotel bar, suddenly falls ill and is hospitalized.  Only in his last hours of life, just a few weeks later, do officials find that he has been poisoned with radioactive material.  Investigators find traces of the material in the hotel bar, in the agent’s home, and in other places he visited before going to the hospital.  Everyone who has been in that hotel, or who has been anywhere near the agent in the last few weeks, is potentially contaminated as well.  This includes passengers on an international flight, guests at the hotel, and local residents.  All of them have to be tracked down, interviewed, and directed where to go for the appropriate tests – once the officials actually find a lab that can do the tests, which itself takes a long time.  Some 3000 people are ultimately interviewed.  Once this hits the news, hundreds of private individuals call in to the national public health agency, fearful that they have been contaminated and wanting to be tested.  The hotel bar is closed and the agent’s house is sealed, so that his widow cannot return to her home.  Only the agent dies, but several dozen individuals are found to have elevated levels of the radioactive material in their urine.  (See Appendix 1 for a more detailed account of this incident.)

A group of political dissidents buries a package containing radioactive material and explosives in a public park.  Fortunately, the leader alerts a local television crew, and the package is quickly located before the device can be detonated.  

Authorities arrest two men on charges of plotting against local officials.  A search reveals canisters of radioactive material, which the suspects intended to spread in their victims’ cars and introduce into items such as food and toothpaste.    

These may sound like excerpts from spy novels, but they are just a few of the many radiological incidents that have taken place over the last few decades.  All four actually occurred (Goiânia, Brazil; London, England; Moscow, Russia; and Long Island, New York); fortunately, the last two were thwarted before they could have serious public health consequences.  With increasing international tensions, and all-too-easy access to radioactive materials, it can happen here.  It can happen in your area.  Your citizens can be at risk.   You need to be prepared to protect their health and safety, as well as that of the emergency responders.

This guide is intended to help you, as a public health official, prepare yourself and your agency to respond quickly and effectively to a radiological incident.  It will outline the things you need to be ready to do, the steps you need to take to be ready to do them, and the many resources you can draw on.   

You must prepare for these incidents, but you don’t have to do it alone.  Many public health agencies at the state and local levels have done considerable planning for radiological emergencies, and have recorded their successes and failures for others to learn from, in widely accessible reports, presentations, and training materials.  This manual will list many of these references.

Fortunately, much of what you need to do to prepare to respond to radiological accidents is similar to what you are doing, or have already done, to prepare for pandemic flu, bioterrorism, and other public health threats.  Planning efforts for all these events need to be coordinated closely – which means that not only do you not need to, but you must not, reinvent wheels.

We hope this guide will help you discover how to use your resources in the most effective and efficient manner to prepare for a radiological accident.  We also hope that you will realize there is a wealth of information and support for your efforts.  Please feel free to contact any of the agencies listed in this guide.  And if you have a success story of your own, please share it with the public health community.  The information you share might help someone else save a life in an emergency.

CDC
Section 1 - Overview:  What is a Radiological Accident?

Radioactive materials are in wide use in our society and throughout the world.  They are used to diagnose and treat medical conditions, assist in manufacturing, testing, and construction, provide electric power, sterilize medical supplies and foodstuffs, perform scientific research, and enable consumer goods such as smoke detectors.  
Like many other things, such as fire, electricity, and chemicals, radioactive materials present a hazard if they are improperly used, stored, or transported.  See Appendix 2 for a more detailed discussion of the hazards.  Radioactive materials can be used, deliberately or accidentally, to cause harm to individuals through exposure (like feeling the heat from a fire) or through contamination (like getting the hot ashes or cinders on your skin, or inside your body).  This could happen in a number of ways:
· Radioactive material could be accidentally spilled or a container opened during use or transport.  It could end up on the hair, skin, or clothing of people nearby, or inhaled into their lungs.

· A conventional explosive could be attached to any radioactive material. When the explosive was detonated, the material would be dispersed in the immediate area.  This is the classic “dirty bomb” scenario (sometimes called a “radiological dispersal device,” or RDD).  Victims could suffer blast injuries and have radioactive material on their hair, skin, or clothing.  They could also inhale radioactive material along with dust and airborne debris.  The injured could have radioactive material in their wounds.  The priority would be to treat their injuries and check for radioactive contamination.  Material on their skin, hair, or clothing could be removed easily.  Material taken into the body would require more complex evaluation and treatment to remove. The radiation hazard would probably be small compared to the effects from the explosive, but the possibility that an area could be contaminated would cause major fear and economic disruption.
· Disaffected persons could fashion and detonate an improvised nuclear device (IND) or crude atomic bomb.  Depending on the sophistication of the technology used, this could result in high exposures and widespread contamination, as well as fatalities.  This is also thought to be the least likely among the various types of radiological accident.  Survivors in the immediate vicinity would have blast injuries, thermal burns, and high radiation exposures.  After the explosion, fallout would settle in the area, and downwind sectors would become highly contaminated.  People in the affected areas would need to bathe and remove contaminated clothing, and avoid inhaling the fallout material.  Evacuees, and those requiring medical attention, might travel or be transported hundreds or even thousands of miles.  

· Radioactive materials could be used deliberately to contaminate a water supply, a food source, or a ventilation system in a large building.  Victims of this scenario could unknowingly drink, eat, or inhale radioactive material. Unless the event were announced, there would be no way to know that radioactive material had been used.  Once radiation was suspected or confirmed, victims’ urine and other fluids would need to be sampled.  Medical providers would need to consult with radiation experts to determine the extent of the injury and the appropriate treatment to remove the material from the body.  As with a dirty bomb, it might be difficult to cause serious radiation-related injury, but again, the possibility of contamination over a large area could be psychologically and economically devastating.

· A radioactive source could be deliberately or accidentally left in an area where people could receive potentially significant radiation dose.  (This is sometimes referred to as a “radiological exposure device,” or RED.)  Victims of the exposure scenario could receive significant whole-body or individual body part exposures.  They would not have radioactive material on or in their bodies, so they could not be checked by traditional monitoring methods.  As with the contamination scenario above, there would be no way initially to know that a radioactive source was involved, unless a radiation monitor happened to be in the area where the source was placed.    The symptoms of high whole-body exposure mimic those of flu or other related diseases (see the discussions of Acute Radiation Syndrome in Section 3 and Appendix 2); a correct diagnosis is unlikely without the right tests.  High exposures to a foot, hand, or other individual body part could cause damage including erythema, blistering, peeling, depilation, and ulceration. Early treatment would be similar to that for severe burns.

The health effects observed from each of these scenarios would depend not only upon how much total radiation dose was received, but also how quickly.    In some cases, the radiation hazard would be much less of a concern than the other injuries.  In addition to the physical effects, all these scenarios would result in the fear, anxiety, stress, and other symptoms commonly seen during disasters.  Citizens would look to the public health department to help them deal with both the physical and psychological effects.

How a radiological accident is recognized depends on the scenario, and whether the event is overt or covert.

Overt event
Following an explosion, spill, or other well-defined event, the immediate need would be to determine how severe the radiation hazard is, and which radioactive materials are involved.  Radiation experts would need to monitor the area with special instruments to make this determination.  An overt event would evolve like other hazardous materials accidents.

Covert event
A covert event (an exposed radiation source, or deliberate or accidental contamination) might not be identified unless and until someone recognized patients’ symptoms as possibly caused by radiation exposure, and secured the appropriate tests.  This kind of event would evolve like a disease outbreak – one in which the “disease’s” symptoms mimic those of flu and other conditions.  As with any public health threat, rapid identification is critical to rapid and effective response.  
SIDEBAR:  Recognition of a problem

Since the ability to recognize any outbreak depends in part on the ability to recognize an abnormal rate of occurrence of symptoms, the “syndromic surveillance” systems instituted as part of pandemic flu or bioterrorism preparedness may prove useful in helping to identify radiation exposure or contamination.

Since radiation exposure mimics symptoms of other diseases, it may be difficult to discriminate between accident-related and “normal” incidence of symptoms.  In an attempt to clarify this situation, Santa Clara County (CA) set up a tool to determine the “baseline” for symptoms such as nausea, vomiting, etc.  Each nurse in a hospital emergency room fills out a one-page form for each patient and faxes it to the health department.  Over two years, the department has been able to establish a reliable baseline for an array of symptoms, so that any abnormality can be quickly recognized.  

Section 2 – How is a Radiological Accident Unique?

Radiological accidents may be similar in many respects to other hazardous materials accidents, or to disease outbreaks, depending on the accident scenario.  Nevertheless, despite these similarities, it is crucial to recognize how radiological emergencies differ from other threats:

· Radioactive material cannot be detected with human senses, only with special instruments.  Symptoms of severe radiation exposure or contamination mimic those of other ailments, and without radiation surveys or special tests there is no way to determine beyond a doubt that radiation is the cause of a particular symptom.  Fortunately, radiation instruments are readily available and generally reliable when used properly, and radiation is one of the most thoroughly studied and best understood health hazards.

· Subject matter experts in radiation may or may not be part of a department of public health (and seldom are at the local level).  Compared to the medical community, the number of individuals in this country knowledgeable about radiation is relatively small.  You need to work closely with your state radiological health staff to ensure you will be able to get the technical information you will need.

· Medical care of victims can be complicated by the presence of radioactive exposure or contamination.  Nevertheless, lifesaving medical treatment must always take precedence over concerns about contamination.  Medical treatment for high radiation exposures primarily addresses the symptoms; internal radioactive contamination can be treated by certain drugs that remove the material from the body.

· Laboratory capability to identify radioactive materials, especially in human tissue/fluid samples, is scarce.  It will be necessary to work with your state radiation control program, and with the CDC, to identify labs that can provide timely sample analysis results.  

· Radiation cannot be neutralized or disinfected.  In order to remove the threat, the material itself must be removed.

· Unlike some biological and chemical agents, radioactive material on or in a patient generally presents very little hazard to others, especially if caregivers follow universal precautions.   

· Radiation, unlike flu, is not contagious.

· In general, the public fears radiation far more than it does other threats, and many people believe that any amount of radiation is dangerous.  This fear can seriously hamper response and recovery efforts and must be dealt with.  Because radiation cannot be detected by human senses, a radiological accident may raise the fear of the unknown and make people feel as if they are helpless to protect themselves, even if they have been instructed beforehand.
· Many people automatically associate radiation with the atomic bombs used during World War II.  Publications and messages should carefully point out this distinction.

· Unlike some other hazards, radiation is a normal part of our everyday environment.  Not only is there a “background” level of radiation exposure present in our environment, but the use of radioactive materials is widespread throughout the country and the world.  

· Responses to the few radiation accidents that are well known (such as the accident at the Three Mile Island nuclear power plant in 1979) have not always been marked by well-coordinated and complete public information, so the public and the media are extremely skeptical.

Section 3-What Role Does Public Health Have in Response to a Radiological Accident?

As with many other types of incidents, the public health community has a number of roles to play and functions to perform in response to a radiological accident, including:

· Ensure the provision of medical services

· Help protect the health and safety of emergency responders

· Monitor short-term health effects on the population and emergency responders

· Perform surveillance on the population and responders for long-term effects

· Assist in assessing and responding to the environmental contamination threat

· Ensure the provision of mental health and counseling services 

· Provide accurate, timely public information

· Coordinate with other responding agencies

 Each of these roles and functions will be discussed in more detail in the next section. 
These roles and functions are not new.  They are the same kinds of things you would need to do in other types of public health threats, particularly involving any kind of hazardous materials.  All of these functions fall within the ten “Essential Public Health Services” defined by CDC under its National Public Health Performance Standards Program (http://www.cdc.gov/od/ocphp/nphpsp/essentialphservices.htm, and http://www.rand.org/pubs/technical_reports/2009/RAND_TR719.pdf, both last accessed 1/2/2010).

The role you do NOT have to play is that of radiation expert.  That role will be filled by your state radiation control staff, or by local radiation experts identified during the planning process, or by Federal officials called in to assist.  These people will be able to give you the information you need to fulfill your roles.

Regardless of the type of accident, there is a great deal that you can do to assist victims, help responders, protect the environment, and inform the public.  Your citizens will view you as a protector of health and safety.  You need to be ready.  

Section 4 –What Needs to be Done Following a Radiological Accident?

ENSURE THE PROVISION OF MEDICAL SERVICES 

Medical services will be a major part of response to a radiological accident.  Following an explosion, surge capacity will be needed to treat burns, blast injuries, cuts, broken bones, smoke inhalation, and radiation exposure or contamination.  If large numbers of people are affected, victims may need to be moved to other medical facilities, even at some distance away.  Shelter and mass care will need to be provided to those evacuated or unable to return home.  Shelters and mass care centers will need to be monitored to control the spread of infectious disease and to manage any pre-existing conditions of those in the facility.  Care may need to extend to animals.  Although the accident itself may be localized, the effects will be felt throughout the nation’s health care system.  People from the affected areas may flee great distances, even across the country.

HELP PROTECT THE HEALTH AND SAFETY OF EMERGENCY RESPONDERS

The Federal government has set guidelines for how much radiation exposure responders should be allowed to receive.  These limits are far below the levels known to cause harm.  Responders’ exposures should be monitored and tracked to minimize the risks.

To keep responders’ exposures low:

· Once an area is known to be high-exposure, or has been identified as close to an accident location, spread out assignments in that area among many responders.

· Monitor exposures.  This may be done with dosimeters (special instruments that measure radiation exposure). Some dosimeters can be read by the person wearing them, while others require special processing.  Responders who can read their own dosimeters need to do so, and communicate their readings, regularly.   Also keep track of how much time responders spend in which areas.  This will help radiation experts estimate exposures.

· Give priority to responders for any prophylaxis or treatment recommended by radiation experts.

Responders can also take actions to protect themselves.  They should always assume that radiological, chemical, and biological hazards may all be present in a situation, until monitoring and testing can confirm one way or the other.  

In an accident involving dispersed radioactive material – such as a spill or a dirty bomb – the priority is to avoid getting the material into the body.   It is easier to keep the material out than to remove it later.  There are three pathways to focus on:

· Inhalation:   avoid breathing in radioactive material.  Wearing a mask, or even covering the mouth and nose with a handkerchief or other article of clothing, can prevent inhalation of radioactive material.

· Ingestion:   avoid eating, drinking, or smoking in an area where radioactive material is present in the air or on the ground.  

· Absorption:  radioactive material may be absorbed into the body through breaks in the skin.  Ensure that any wounds are well covered.

In an accident involving high exposures, responders can protect themselves using time, distance, and shielding:

· Time:  minimize the time you spend near a radioactive source.

· Distance:   increase the distance between yourself and a radiation source.  If you move twice as far away from a source, your exposure rate drops to one-fourth its previous value, so distance is a powerful tool to reduce your exposure.

· Shielding:  place some kind of material between yourself and a radioactive source.  The type and amount of shielding will depend on the kind of radiation emitted (see Appendix 2), so consult with radiation experts for advice.

In addition to radiation risks, responders may be subject to heat, cold, mechanical injury, biological or chemical agents, and psychological effects.

MONITOR SHORT-TERM HEALTH EFFECTS ON THE POPULATION AND RESPONSE WORKERS 

The effects of radiation on human health are well-studied and documented, but distinguishing radiation-induced injury or illness from other types is not possible without the appropriate surveys or tests.  

Following a radiological accident, members of the public and responders in any affected area will need to be examined and monitored for injuries, radioactive contamination, and radiation exposure.  People near (or sometimes not so near) the affected area will also demand to be monitored – whether or not they try to leave the area.  They will fear they have been contaminated or exposed.  They will need to “prove” they are not contaminated so that they can stay in hotels or shelters, or so that they will not be shunned by others.

Monitoring for external contamination (radioactive material that has settled on the skin, hair, or clothing) usually involves hand-held or portal (walk-through) radiation instruments.  Many states and some local governments have these instruments, especially those that have plans in place for response to nuclear power plant accidents.  Check with your state radiological health staff to determine your state and local capability.  The Federal government can also supply some equipment and personnel.  Population monitoring is covered in much greater detail in a guidance document from the Centers for Disease Control and Prevention (CDC), Population Monitoring in Radiation Emergencies:  A Guide for State and Local Public Health Planners.  This document can be obtained from CDC in hard copy or downloaded from the CDC website (http://www.bt.cdc.gov/radiation/pdf/population-monitoring-guide.pdf, last accessed 1/2/2010).

Persons with external contamination should remove and bag clothing, shower and wash hair (keeping soap and shampoo out of eyes, ears, nose, and mouth, and taking care not to abrade skin), and then be monitored again.  This simple process removes most, if not all, of the contamination.  If monitors still indicate contamination after the shower, the person should be referred to medical personnel or radiation experts for further evaluation.

Radioactive material that has been taken into the body (internal contamination) may be able to be removed, depending on the material involved.  Persons with internal contamination will need to be referred to a laboratory that can collect and analyze the samples and specimens necessary to evaluate exposures.  Samples and specimens will need to be labeled, preserved, stored, and assigned appropriate priority for analysis.  This may not be a trivial task.

Farm and companion animals may need to be monitored, and tracked as well, to reduce the threat to humans and to identify potential vector issues.  Public health personnel will need to work with radiation, agricultural, and veterinary experts to monitor and care for animals.

If the accident involves high radiation exposures, this may result in a collection of symptoms commonly known as Acute Radiation Syndrome (see Appendix 2).  It will be necessary to estimate exposure levels in order to triage and treat appropriately. There are several ways to estimate radiation exposure:

· Time from exposure to onset of vomiting (and severity of vomiting) - the shorter the time, the greater the exposure.  Unfortunately, vomiting may result from a number of different causes, including psychological ones, so vomiting alone is not a reliable estimator.

· Lymphocyte depletion kinetics - how fast lymphocytes drop is a reliable indicator of radiation exposure.

· Chromosome aberration cytogenetics - the number of dicentric chromosomes in peripheral lymphocytes is also a reliable marker, up to fairly high exposure levels.   

Estimating exposures by lymphocyte depletion or chromosome aberration is a time-consuming and precise process.  If time or resources do not permit this, then exposures can be roughly estimated if victims can provide information about how close they were to the source, or the explosion, and for how long.  

Once exposures have been determined or estimated, appropriate treatments can be selected.  Few general guidelines can be prescribed, but prevention and management of infection will be crucial.  Patients receiving high exposures may also suffer bone marrow depletion and loss of intestinal mucosa.  Much can be done to ensure the survival of even high radiation exposures, provided that they are diagnosed correctly and treated promptly.

See Appendix 2, and its references, for more details on medical management of radiation accidents.  

PERFORM SURVEILLANCE ON THE POPULATION FOR LONG-TERM HEALTH EFFECTS

In the aftermath of a radiological accident, exposed and contaminated persons will need to be registered and tracked in order to determine the long-term health effects from the accident.  Public health personnel will need to set up a system for registering everyone who presents to be monitored, both members of the public and responders.  At a minimum, every individual should give his name, address, and contact information.  The system should be flexible and should provide for recording both physical and psychological effects.  
ASSIST IN ASSESSING AND RESPONDING TO THE ENVIRONMENTAL CONTAMINATION THREAT

Any radioactive material released into the air, or deliberately introduced into a public area in a dispersible form, will be carried by the wind and brought to the ground by rain or snow.  It can settle on office buildings, restaurants, streets, animals, yards, crops, pastures, silos, dairies, food processing facilities, surface water supplies, water treatment plants, or anything else in the area.  It will be necessary to determine as soon as possible which radioactive isotopes are involved and where they are expected to end up in the environment.  Public health officials will need to work with other agencies’ experts to identify what is in the affected area and how radioactive contamination might affect it, in order to ensure the safety of food, water, and animal feed.  The object is to prevent, if possible, the introduction of radioactive material into the human or animal food chain, or into the human body.  How that can be accomplished depends primarily on what is released and how, what is in the affected area, and how the time of year or other factors affect how it will be dispersed.  Close coordination with other agencies will be crucial.

One action that can be taken fairly early following an accident is to recommend that dairy animals be put on stored feed and water from covered sources.  Another is to restrict certain food products from an area temporarily.  Monitoring and sampling of products in the affected area will then be necessary in order to determine the extent and type of radioactive contamination.   Following analysis of monitoring and sampling results, radiation experts can provide input on whether and when restrictions can be lifted.

Working closely with radiation experts, health departments will assist in providing instructions for decontamination and cleanup.  They will also need to assist in advising on dealing with the deceased, and to identify and monitor other pathways for exposure/contamination, including issues of vector control. 

If the event is deliberate, rather than accidental, law enforcement will have a strong presence in the response, and the area may have to be treated as a crime scene.  Public health and other responding agencies will need to help law enforcement find and preserve evidence, such as clothing, personal articles, or debris.

ENSURE THE PROVISION OF MENTAL HEALTH AND COUNSELING SERVICES 

Radioactive contamination of an area, or the presence of a radioactive source, whether actual or potential, will induce stress, fear, anger, helplessness, and all the physical and psychological effects that accompany them. This is one reason a dirty bomb or exposed radiation source is thought to be an effective “weapon of mass disruption;” the public’s fear of anything dealing with radiation will lead them to avoid any area or product even suspected to be contaminated.  People who become exposed or contaminated may respond with rage as well as fear and may thwart the efforts of their caregivers to treat them.  Responders may share the public’s fears and may react negatively to working in respirators or anti-contamination clothing.  

Public health staff must include mental health professionals in both planning and response.  Counseling will need to be available at monitoring centers, at medical facilities, at staging areas from which responders deploy, and in the affected community in general.  In addition to the usual psychological responses to a disaster, the widespread fear of radiation may induce people to make drastic decisions, such as aborting a pregnancy, or to demand drugs they believe to be effective against “radiation poisoning.”

PROVIDE ACCURATE, TIMELY PUBLIC INFORMATION

The need for accurate and timely public information cannot be overemphasized. Health departments consistently rank as trusted sources for information, so they will need to be prepared.  The public will likely be frightened and not easily directed or reassured. It will help if they have already received routine publications (fact sheets, brochures, etc.), giving them information about radiation and what to do following a radiological emergency.  A strong public information campaign before and during an incident can help minimize uncertainty and chaos.

During response to an accident, health officials will need to do a number of things simultaneously:

· conduct media briefings in coordination with other agencies

· monitor media reports closely in order to address inaccuracies or emerging issues 

· set up rumor control hotlines, and provide scripts or outlines for staff

· distribute pre-developed materials, such as fact sheets or brochures

· set up a website, or update an existing one 

· keep careful records of all official releases

· adjust the public information strategy as necessary

Flexibility will be important, as media will be everywhere, and all department staff will need to be trained in the department’s media policies.  

Your public information program should have two components:  an ongoing, routine component that informs people and establishes your credibility; and an emergency response component that trades on that credibility to lead the public to take the actions most needed to protect themselves.  There is a wealth of guidance on how to set up effective public information programs.  

See what public information materials are already available.  Don’t reinvent wheels.  If your jurisdiction already has some kind of fact sheet or brochure about bioterrorism, or pandemic flu, or other threat, consider expanding it to include radiological accidents – or at least pattern a radiological fact sheet after the existing one.  People will feel more comfortable with established formats and will be able to find the information they need more quickly and easily.

Pre-script emergency messages.  No, you won’t be able to capture every aspect of an emergency, and you may have to revise messages at the last minute, but it is much easier to revise a message in a crunch than to write a whole new one under pressure.  Confer with your emergency management and radiological health experts; you may be able to use already existing messages as a template.    If you don’t already have one, establish a policy regarding release of information and victim privacy rights – and make sure your staff are familiar with this policy.  

In developing routine and emergency messages and scripts, make sure to coordinate with the mental health provider community.  Following a radiological accident, psychological effects will likely be pronounced and widespread.  Skillful use of public information will not allay all fears, but can go a long way to reassure the public and minimize panic.

As with everything else in a response, public information must be coordinated closely with other responder agencies.  Your spokespeople will likely need to report to a Joint Information Center along with other organizations’ spokespeople.  The overall response will be greatly helped by messages that supplement and reinforce, rather than contradict, each other.

COORDINATE WITH OTHER AGENCIES 

Response to a radiological accident will likely involve local and state health departments, emergency management agencies, radiation control programs, Federal agencies, 911 and EMT networks, and private or non-governmental groups.  Coordination will be crucial.  An uncoordinated response is ineffective at best and counter-productive at worst.

Recognizing this, government agencies at all levels have organized their response activities with multi-agency coordination centers where agency representatives can work together to identify priorities, allocate resources, and communicate back to their own agencies.  These may include:

· Local and State Emergency Operations Centers (EOCs)

· Joint Information Centers (JICs)

· Unified Command

Review your state and local plans and become familiar with which agencies are represented at which locations during a response.  If your agency is not already represented at one or more of these centers, be sure you know appropriate contacts at the centers where you can get the information you need.  Communications and information systems must be adequate to handle this challenge.

In order to make coordination easier, the Federal government strongly encourages state and local agencies to adopt the Incident Command System (ICS) and the National Incident Management System (NIMS, http://www.fema.gov/emergency/nims/, last accessed 1/2/2010).   Familiarity with the common terminology and organizational structures used in ICS and NIMS will be important in order to work effectively with other agencies.

You are not expected to become a radiation expert in order to deal with a radiological accident.  You are expected to work together with the people who are to protect the public.
Section 5 – What Resources are Available for Response to a Radiological Accident?

RADIATION EXPERTISE

Your primary resource for radiation expertise should be your state radiation control program staff.  Every state has some kind of radiation safety program; it is important to know the individuals in your state’s program and how to contact them. [If you are not sure who they are in your state, or where they are located, consult the Conference of Radiation Control Program Directors at www.crcpd.org (last accessed 1/2/2010).  This is the organization of state radiation professionals, and contact information for your state radiation control organization is readily available.]  Your state radiation program will be a valuable resource both in planning and during response to an incident, especially early on before Federal assistance can arrive.  State radiation staff can also be helpful in identifying local radiation expertise in your area, such as university, hospital, or industry radiation safety officers.  These individuals can also be a very useful resource, in both planning and response.

CDC, with support from the Medical Reserve Corps, the Emergency System for the Advance Registration of Volunteer Health Professionals, and various professional organizations, is leading a nationwide effort to motivate radiation experts, medical physicists, nuclear medicine specialists, and other individuals with radiation expertise to enlist in local volunteer registries. Check with your local groups to see what radiation expertise may be available.

MEDICAL MANAGEMENT AND PSYCHOLOGICAL ISSUES

Guidance Materials/Technical Advice/Lab Support
There are many excellent sources of guidance on management of radiological accidents.  Below are three that provide guidelines, procedures, flowcharts, and background materials, as well as links to other sources:

· Radiation Event Medical Management (REMM), developed by HHS’s Office of the Assistant Secretary for Preparedness and Response (http://www.remm.nlm.gov/index.html, last accessed 1/2/2010)

· Armed Forces Radiobiology Research Institute (AFRRI), a research laboratory of the Department of Defense  (http://www.afrri.usuhs.mil/, last accessed 1/2/2010)

· Radiological Emergency Assistance Center/Training Site (REAC/TS), a member of the Department of Energy’s assets (http://orise.orau.gov/reacts/, last accessed 1/2/2010).  REAC/TS staff can also be deployed throughout the world to assist in treatment of radiological accident victims.

In order to have useful information available following an accident, remember that the Internet may be overloaded, and the websites you normally look to may be difficult or impossible to reach.  Download the materials you need beforehand and store them on flash drives, personal digital assistants, or other convenient devices.  REMM and other websites were specifically set up to enable users to download materials ahead of time.

Recognition of a Covert Event

Since a covert radiological accident will unfold similarly to a disease outbreak,   you may rely on many of the same resources as for other public health crises.  Two resources that may be particularly valuable in tracking and communicating events:

· The Epidemic Information Exchange (Epi-X, http://www.cdc.gov/epix/, last accessed 1/2/2010), which provides a secure, web-based communication system that allows CDC officials, state and local health departments, poison control centers, and other public health professionals quickly and securely to share preliminary health surveillance information.

· The Health Alert Network (HAN), which was developed to assist public health and emergency response agencies during a public health emergency.  It represents a coordinated effort by CDC and public health agencies at all levels to allow health agencies, hospitals, labs, and providers to share information.  Broadcast faxes and e-mails can convey updates, advisories, or alerts.  (See http://www.cdc.gov/phin/activities/applications-services/han.html, last accessed 1/2/2010.)
Bioassay

If an accident results in internal radioactive contamination, it will be necessary to perform bioassay, in which urine and other clinical samples are analyzed to quantify uptake and determine appropriate treatment.  CDC will identify labs with bioassay capability.  CDC is also working on expanding the radiological capability of its Laboratory Response Network, a coordinated network of public health and other labs that can respond to biological, chemical, or radiological threats.  

Biodosimetry

If an accident results in high radiation exposures, it is critical to estimate these exposures promptly in order to provide the appropriate triage and treatment.  The capability to perform this estimation (called biodosimetry) by lymphocyte depletion or chromosome aberration analysis resides in two laboratories in the US:  the Cytogenetic Biodosimetry Laboratory, at REAC/TS in Oak Ridge, TN, and the Armed Forces Radiobiology Research Institute in Bethesda, MD.   These labs are setting up a consortium to work with clinical cytogenetic labs throughout the country, to post sample images online so that local labs can help evaluate samples.  This will greatly expand the capability to estimate exposures and decide on appropriate treatments.

Treatment for Marrow Toxic Injury 

If responders or the public receive high enough radiation exposure that they suffer damage to bone marrow, the Radiation Injury Treatment Network (RITN, http://www.nmdp.org/RITN/index.html, last accessed 1/2/2010) can offer assistance.  Developed by the National Donor Marrow Program, the American Society for Blood and Marrow Transplantation, and a number of other groups and government agencies, RITN develops treatment guidelines, trains providers and provides consultation, assists in response planning, and runs transplant centers, donor centers, and cord blood banks throughout the country that can assist in treating high exposure victims.

The Federal government continues to fund scientific research into medical evaluation and treatment of radiological accident victims.  The research focuses on three major areas:

· Field-use devices that can examine radiation-induced changes in blood, saliva, or other media (collectively called biomarkers) to estimate exposure

· Radiation instruments commonly available in medical facilities that can measure the amount of radioactive material deposited in the body

· Drugs that can remove radioactive material from the body or treat the symptoms of high radiation exposure

Medicines and Supplies

Treating radiation injury may include providing special medicines to combat or prevent the radiation damage.  The Strategic National Stockpile (SNS) has drugs to respond to different kinds of radiological injuries:

· growth factors/cytokines for white blood cells (e.g., Neupogen) to treat Acute Radiation Syndrome (high radiation exposure – see Appendix 2 for more details)

· Prussian Blue (Radiogardase™) to remove cesium and thallium from the body

· potassium iodide (KI), which can block the absorption of radioactive iodine by the thyroid gland if administered before or immediately after exposure. (The SNS maintains stocks of liquid KI; many states maintain supplies of KI pills.) 

These drugs can be requested once the radiation hazards from the accident have been identified.  This capability has been tested in exercises.  For example, during the Top Officials (TOPOFF) 4 exercise in 2007, the state of Oregon, responding to a simulated dirty bomb explosion involving cesium-137, requested and received burn supplies and Prussian Blue.  

In addition, the Department of Health and Human Services has “forward placed” stockpiles of calcium and zinc DTPA (diethylenetriaminepentaacetic acid) in almost all the states.  DTPA is a drug that chelates, or binds, plutonium, americium, and curium, and helps speed their removal from the body.  It is intended primarily for victims and responders in the immediate area.  

Any locally-maintained caches of pharmaceuticals may also be of use, depending on the accident.  Treatment for burns, blast injuries, or infection may be as important as treatment for radiation injury.

Medical Personnel 

The Medical Reserve Corps (MRC, www.medicalreservecorps.gov, last accessed 1/2/2010), housed in the Office of the Surgeon General, provides a way for public health and medical professionals to volunteer in ongoing public health efforts and times of emergency.  MRC units perform the following functions:

· Identify and screen volunteers, and certify their expertise

· Provide an organizational structure to manage volunteer efforts and coordinate with other agencies

· Train volunteers and prepare them for their roles in response 

As of summer 2009, there are more than 800 MRC units and more than 199,000 volunteers across the country.  You can locate your local unit(s) through the MRC website.  

MRC volunteers have been involved in a number of public health response activities and exercises, including mass dispensing exercises and the TOPOFF series of exercises.  They are offered training in a number of subjects, such as Incident Command System and response to biological, chemical, or radiological threats.   Some MRC units have considerable radiation expertise.  

SIDEBAR:  Making Radiation Expertise Widely Available

In Florida, the MRC coordinator has partnered with the Health Physics Society (HPS, the national organization of radiation safety experts), CDC, the Florida chapter of the American Association of Physicists in Medicine, and the Florida Department of Health Bureau of Radiation Control (the state radiation control program) to establish the Radiation Response Volunteer Corps (RRVC).  Corps members expect to assist in contamination monitoring and sample collection and in providing expertise on expected health effects of radiation exposure.  In response to the success of Florida’s effort, the HPS is urging its members all across the country to volunteer for their local MRC units.  

Other Federal Agencies

In addition to its own personnel, the Department of Health and Human Services can also call upon the Department of Defense and the Veterans Administration to provide medical personnel, equipment, and supplies; and on the US Department of Agriculture’s National Veterinary Stockpile to assist with veterinary issues.  

Psychological Support

Increased recognition of the importance of mental and behavioral health issues has resulted in greater emphasis on these issues in recent emergency exercises.  For example, in the TOPOFF 4 exercise, with its simulated dirty bomb explosion, one of the objectives of the state of Oregon was to assess its mental health plans, policies, and procedures.  The American Red Cross, partnering with the American Counseling Association, also emphasized mental health counseling in its participation.  As a result of its TOPOFF 4 experience, Red Cross is training its lay workers in psychological first aid (see   http://www.ptsd.va.gov/professional/manuals/psych-first-aid.asp, last accessed 1/2/2010), freeing up mental health specialists to focus on high-risk individuals.  A relatively new disaster mental health triage program called PsySTART (see http://www.cphd.ucla.edu/pdfs/PsySTART%20Rapid%20Mental%20Health_Web.pdf, last accessed 1/2/2010) was also used at the TOPOFF 4 exercise.

SURVEILLANCE FOR LONG-TERM HEALTH EFFECTS

After a radiological accident, the CDC will support registries and follow-up studies in the affected population to identify long-term health effects.  For assistance in setting up an initial registry, see the CDC’s webpage at http://www.bt.cdc.gov/radiation/pdf/radiationmedicalform.pdf (last accessed 1/2/2010).   CDC will also conduct “dose reconstruction” studies, to estimate as accurately as possible how much radiation exposure was received by individuals.  This helps in prediction and management of long-term health effects.

ASSESSMENT OF THE ENVIRONMENTAL THREAT 

For a spill, traffic accident, or other event involving a licensed radioactive source, the owner, shipper, or carrier may have resources at his disposal for assessment, response, and cleanup.  Your state radiological health experts will be able to help in identifying and contacting these individuals and requesting assistance.

Your state radiation control agency has the capability to perform monitoring, especially if your state contains, or is adjacent to, nuclear power plants or other major nuclear facilities.  Some local agencies also have these capabilities.  This capability varies widely from state to state, so investigate your state and local situation.

In addition to local and state capabilities, Federal agencies have considerable capability to monitor and sample a contaminated area, analyze data, and provide recommendations on appropriate actions the public should take.  This monitoring is performed by an organization known as the Federal Radiological Monitoring and Assessment Center (FRMAC), coordinated by the Department of Energy (DOE) and supported by a number of Federal agencies.  FRMAC can be activated, in full or in part, by a request from a state for such assistance, and can be set up in the vicinity of a radiological accident.

Laboratory analysis of samples can be performed by Federal agencies: FDA for food and agricultural samples, and DOE and EPA for environmental samples.  If special laboratory analysis is required (as was the case in the Russian spy poisoning), CDC will locate an appropriate lab.  The Department of Homeland Security has organized the Integrated Consortium of Laboratory Networks, literally a network of networks of labs to cover the biological, chemical, radiological, or nuclear materials that might be found in clinical, environmental, or food samples.  CDC’s Laboratory Response Network, which is one member of the consortium, is currently expanding its radiological capability. 

To assist with issues involving human and animal food, health, and environmental impacts, Federal agencies can also activate an organization known as the Advisory Team for Environment, Food, and Health (the “A-Team”, http://www.crcpd.org/ATeam/Ateam.htm, last accessed 1/2/2010).  The A-Team includes representatives from the EPA, the Department of Agriculture, the Food and Drug Administration (FDA), CDC, and other Federal agencies as needed.  Team members work together to provide recommendations on the following topics:

· Protection of the public from direct radiation exposure

· Prevention and/or mitigation of contamination of human and animal food

· Minimization of agricultural losses due to contamination
· Protection of the health of emergency responders

· Precautions needed for safe reentry of contaminated areas, return to areas evacuated, and general recovery

The A-Team can be activated by requesting it through the CDC, and will generally be activated whenever a FRMAC is also activated.

PUBLIC INFORMATION

If an accident scenario finds you without pre-scripted messages, CDC has produced a reference that can walk you through the public information process, even during an event:  CDCynergy, a practical guide for emergency communications (http://www.orau.gov/cdcynergy/, last accessed 1/2/2010).  It has checklists, tutorials, video clips, and other resources that can be used, either at your leisure before an event, or in the peak of the crisis.  Although not specific to radiological events, CDCynergy can guide you through the steps you need to make sure you keep your entire team briefed, develop clear and consistent messages, and communicate effectively with the media and the public.

Section 6 – How Do I Prepare for a Radiological Accident?

Preparedness includes a number of activities, which are sometimes called the “preparedness cycle”:

·  planning

· organizing/staffing/equipping

· training

· exercising

· evaluating/improving

[This document focuses on response to radiological accidents.  If you need general guidance on preparedness, see http://www.fema.gov/prepared/index.shtm, last accessed 1/2/2010.  As noted earlier, most of what you do for a radiological accident is similar or identical to what you do for any other public health emergency.  Here we will focus on what is unique to radiological accidents.]

Planning

The complex roles and responsibilities of public health officials in a radiological emergency require extensive planning, training, and practice.  They also require close coordination among all responding agencies at all levels of government.

Before you write anything in a plan for radiological emergencies, review carefully whatever plans you already have, either for natural disasters, for hazardous material incidents, or for biological threats such as bioterrorism or pandemic influenza.  Review plans from your county, your district, your region, your state.  It is likely that much of the planning effort has already been done.  Consult with your emergency management organization; they will be familiar with the response resources available from the different agencies and the legal authority each agency has.

If your state contains (or is adjacent to) a nuclear power plant or other major nuclear facility, then planning has been done in your state for accidents at that facility.  Accidents at nuclear power plants would be significantly different than the kinds of accidents discussed in this manual; they would likely involve different radioactive materials, develop much more slowly, and be accompanied by much more information from the facility owner.  Nevertheless, the resources available to respond, and the channels of communication, would be crucial in any radiological accident.  Any planning you do must dovetail with radiological planning that is already in place.

Pay particular attention to any plans you already have for hazardous material or biological agent threats.  (If you do not already have such plans, there is a wealth of guidance available on how to develop them, which will be discussed in Section 6.)  Radiological accidents are essentially hazardous materials accidents, so response to them will have much in common with other hazmat response.  Review plans of other jurisdictions (even those across the country) and see how the ideas presented might be addressed in your area.

Organizing/Staffing/Equipping

Staffing up and equipping for a radiological accident will be similar to that for any other hazardous material accident.  The difference here is that radiation experts, or local responders equipped with and trained on radiation instruments, will be needed to perform radiation monitoring and provide results and advice to the rest of the responders.  Don’t assume you must procure radiation monitoring equipment; find out who in your area has it already, and coordinate with these groups ahead of time.  During a response, if you are not working directly with your radiation people, you will need to ensure smooth and timely communications. 

If you already have plans for staffing one or more Neighborhood Emergency Help Centers, Point of Dispensing (POD) centers, or similar facilities, then your staffing concepts will still apply in a radiological accident with little or no modification.  Focus on integrating radiation monitoring into an existing POD plan rather than coming up with an entirely new POD plan.  

Some of your staff may share the public’s fear of radiation and may be reluctant to respond when called.  Thorough training will help minimize this possibility.

Training

Training should be offered to all staff in the following areas at a minimum:

· the basics of radiation – what it is, what it does, and how to protect yourself and others

· the basics of the plan – concept of operations, overall responsibilities, and individual tasks and checklists

· the basics of the Incident Command System (ICS) and the National Incident Management System (NIMS).  The Federal government operates according to the principles of NIMS, and the nation is moving toward adoption of this standardized terminology and organization.  Being familiar with NIMS and ICS will make it easier to work with other departments at all levels.  

Health care providers should also be trained on how to evaluate and treat persons exposed to or contaminated with radiation.   Excellent guidance on this topic is provided by a number of sources, including the CDC, the Armed Forces Radiobiology Research Institute, and the Illinois Emergency Management Agency.  See the Appendix of references.

Exercising

After the planning, and the training, comes the practice.  Exercises and drills are an essential part of every emergency response effort, and hundreds are conducted every year in the US.  They offer participants an opportunity to practice procedures, techniques, and coordination in a risk-free setting, and often provide valuable insights into ways to improve the preparedness program.

Exercises can range from discussion-based exercises like workshops, to focused drills, to full-scale exercises, each of which is useful for a particular purpose.  If you are just starting to conduct exercises, refer to the Department of Homeland Security Exercise and Evaluation Program (HSEEP) website at https://hseep.dhs.gov/pages/1001_HSEEP7.aspx (last accessed 1/2/2010).  With this program the Federal government offers a common standard and set of terminology for exercises to follow, and supports exercise development and conduct across the country.  

Many states have exercise coordinators, in the emergency management agency, the public health department, or both.  These individuals can help plan and coordinate exercise activities, and help avoid duplication of effort.  Confer with your exercise coordinator to maximize the return on your exercises.

Depending on the radioactive materials involved in the exercise scenario, response may require the medicines and supplies in the Strategic National Stockpile (SNS).  The CDC makes available a Training and Education Demonstration (TED) package for use in exercises.  A detailed summary of the experiences of eight states in doing SNS exercises was compiled by the Association of State and Territorial Health Officials (ASTHO), in their 2004 document,   Exercising the Strategic National Stockpile:  Lessons Learned and Tools for Application.  

Several common themes emerge from SNS exercise reports:

· All participants must be trained in the principles of the Incident Command System.

· Plans must be developed in some detail before testing.
· Plans must be flexible and scalable, and must include provision for mental health, special needs, and other considerations.

· Plans must be coordinated with all other emergency plans.
· Exercising SNS requires a large number of staff and a significant expenditure of effort.  
The only elements unique to radiological accident exercises are radiation monitoring, decontamination, and treatment of radiation injury.  If those capabilities are not located in your department, you will need to coordinate with that group to organize an effective and realistic exercise.  

Evaluating and Improving

The point of doing exercises and drills is to give people practice at what they need to do, and to see where they need to improve.  Radiological accident exercises are no different.  You need to do the same critiques, maintain the same records, and incorporate lessons learned into future training.  If you conduct exercises that include radiation-related activities such as monitoring, you need to have evaluators with the technical expertise to evaluate them.  Contact your state radiation control staff, or local radiation experts, for assistance in obtaining this expertise.

Section 7 – What Resources are Available for Planning for a Radiological Accident? 

Planning for response to a radiological accident is a major task.  Fortunately, there are many sources on which you can draw for ideas, examples, training, and in some cases support.  

The first and most immediate resource is your own state, district, regional, and local public health and emergency management agencies, with which you will need to coordinate closely.  State agencies have resources to assist local agencies, and local agencies have familiarity with and proximity to the community.   

The next immediate resource is radiation expertise.  Your state radiological health group, and any local radiation expertise you may have identified, will be critical in response to any radiological or nuclear accident.  They will be able to provide the information that will direct how the response should proceed.

Next are three important clearinghouse-type sources:  NACCHO, ASTHO, and LLIS.

The National Association of County & City Health Officials (NACCHO, www.naccho.org, last accessed 1/2/2010) works to support public health departments in all areas, including emergency preparedness.  They support development of many different tools to enhance preparedness, and serve as a conduit for information so that experiences can be shared throughout the public health community.  

With funding from CDC, NACCHO set up eight Advanced Practice Centers (APCs) in local health departments across the country, specifically to develop and disseminate information and tools to help prepare for public health emergencies.   These APCs (http://www.naccho.org/topics/emergency/APC/index.cfm, last accessed 1/2/2010) have published a wide variety of materials, sharing experiences and taking advantage of advancing technology in training materials.   

The Association of State and Territorial Health Officials (http://www.astho.org/, last accessed 1/2/2010), which represents public health officials from the states, territories, and the District of Columbia, seeks to formulate sound public health policy and assure excellence in state-level public health practice.  ASTHO’s Preparedness Project collaborates with NACCHO, CDC, HHS, and other agencies to provide information, including Promising Practices and Success Stories.  

ASTHO also works closely with states on issues surrounding the Strategic National Stockpile (SNS), and publishes reports on planning for and exercising the SNS. Available documents include examinations of interstate SNS planning issues, lessons learned in SNS exercises, legal issues, good practices in inventory management, and intrastate coordination of various pharmaceutical caches with the SNS.  

The Department of Homeland Security established the Lessons Learned Information Sharing (LLIS) network (https://www.llis.dhs.gov/index.do, last accessed 1/2/2010) to provide a secure online network for emergency response and homeland security professionals to share lessons learned and best practices to “prevent, prepare for, respond to, and recover from all hazards, including terrorism.”  The LLIS network is also a good source for Federal planning guidance documents.

All these sources can help you learn from the efforts of others and make the best use of your resources.  You can read exercise reports, study actual incident histories, and download conference proceedings (such as the 2008 Public Health Preparedness Summit, http://2008.phprep.org/, last accessed 1/2/2010).  

The Federal government is a significant source of planning assistance.  A good place to begin is with the National Response Framework (NRF), which explains the concepts and principles of how local, state, tribal, and Federal agencies respond to emergencies.  The NRF is organized into the following major sections:

· The main document, which outlines the scope, authorities, concept of operations, and overall structure 

· Fifteen Emergency Support Function (ESF) Annexes.  ESF #8, the Public Health and Medical Services Annex, describes the mechanism for providing Federal assistance in the form of assessment of public health medical needs,  public health surveillance, medical personnel, and medical equipment and supplies

· Support Annexes, which describe the procedures and administrative functions necessary to carry out any emergency response

· Incident Annexes, which address contingency or hazard situations requiring specialized application of the plan.  The Nuclear/Radiological Incident Annex spells out in detail the roles, responsibilities, and resources of the various Federal agencies that respond to a radiological accident.   

You should become familiar with the NRF and the sections that apply to public health.  See the NRF website at http://www.fema.gov/emergency/nrf/ (last accessed 1/2/2010).  This website contains not only the full text of the main document and all the annexes, but links to documents on the National Incident Management System, references, overview briefings, and training documents.  

There is an enormous amount of training material for response to a radiological accident, as well as for a chemical or biological one.  For training on emergency response principles and practices, start with the Federal Emergency Management Agency’s training website (http://www.fema.gov/prepared/train.shtm, last accessed 1/2/2010).  FEMA offers online and face-to-face training on many aspects of emergency response, including basic and advanced ICS and NIMS.  Many of these courses are given at no cost to the trainees.

Federal agencies fund individual programs dedicated to emergency preparedness and in some cases offer support to local agencies.  These include:  

· Metropolitan Medical Response System (MMRS) – Department of Homeland Security (http://www.fema.gov/government/grant/hsgp/index.shtm , last accessed 1/2/2010)

· Public Health Emergency Preparedness (PHEP) Cooperative Agreement – Department of Health and Human Services, Centers for Disease Control and Prevention (http://www.bt.cdc.gov/cotper/coopagreement/, last accessed 1/2/2010)
· Cities Readiness Initiative (CRI, http://www.bt.cdc.gov/cri/, last accessed 1/2/2010)

· Centers for Public Health Preparedness (CPHP, http://www.bt.cdc.gov/cotper/cphp/, last accessed 1/2/2010)

· Professional organizations, such as the Public Health Foundation (www.phf.org, last accessed 1/2/2010) and the National Public Health Coalition (www.nphic.org, last accessed 1/2/2010).

Certainly do not overlook the private sector.  The business community, in particular, has a vested interest in protecting its workforce and facilities against any kind of threat, and can mobilize people and resources quickly and flexibly to respond.  A solid relationship with your local business community can provide resources for you and protection for them – a win/win.  Most states have some kind of working arrangement with the private sector to assist with distributing Strategic National Stockpile resources.

SIDEBAR:  An Example of Public/Private Partnership

One example of successful partnership between public health agencies and the private sector is that of the collaboration between Georgia public health departments and the metro Atlanta chapter of Business Executives for National Security (BENS).  BENS is a national organization that encourages action by its members at the local level to promote national security and develop ways in which business can contribute to greater levels of preparedness.

After the attacks of September 11, 2001, and the anthrax attacks that followed, it had become clear that both government agencies and businesses had strengths and weaknesses in responding to major events.  The development of the Strategic National Stockpile (SNS) provided welcome assistance to those responding to bioterrorism or disease outbreaks, but implementing SNS plans was a serious logistical challenge for any state or local health department.  Here was an opportunity to use the assets of the business community to greatest advantage.

The metro Atlanta BENS chapter had long worked with the Georgia Division of Public Health and local health departments, including the DeKalb County Board of Health.  (DeKalb County is adjacent to Fulton County and the City of Atlanta.)  DeKalb’s Board of Health was one of the local health departments funded as an Advanced Practice Center by CDC.  Its area of specialty was partnership development, so working with BENS was a logical step.    BENS became involved in Georgia’s Homeland Security Working Group (and later, the Homeland Security Task Force), regularly attending meetings and becoming acquainted with state officials responsible for emergency preparedness and response.  Ultimately, national and local BENS leaders met with the Georgia Director of Homeland Security and the Governor.  Once the Governor officially endorsed the formal partnership, state and local health departments and other agencies were encouraged to work with BENS.  One of the first results of this partnership was the publication of Getting Ready: A Company Primer on Preparedness and Response Planning for Terrorist and Bioterrorist Attacks (http://www.bens.org/mis_support/Getting-Ready.pdf, last accessed 1/7/2010) in 2004.  (Getting Ready was updated in 2007.)
The 2005 Atlanta Metropolitan Biological Emergency Response (AMBER) exercise tested plans for mass distribution clinics in the entire metro area.  BENS participated with two of the five local health districts, working with the districts to develop procedures for the clinics.  Some 1200 BENS volunteers served as mock patients, clinic staff, and exercise evaluators.  The large number of mock patients provided a good test for the system, enabling participants to see where weaknesses might occur.  In addition, one of the clinics in the exercise was at a BENS member company’s facility, with company volunteers managing the clinic.  This helped crystallize the wisdom of having large companies dispense SNS medicines to their own people first.  Once a company’s employees and their families are taken care of, those employees are available to keep the business open to assist the community, or to help staff distribution clinics for the general public.  It may also cut down on long lines at public distribution sites.

The exercise was a considerable success, and led to further collaborations among BENS and government officials, including integration of the Business Operations Center with the State’s Emergency Operations Center  Like any partnership, it requires careful maintenance and constant examination of its capabilities and limitations.  But both BENS and government officials are satisfied that their resources are greatly increased and made more effective by the collaboration. 

Section 8 – What Should I Remember About a Radiological Accident?

· Radiological accidents can happen anywhere

· Nurture your relationship with your state radiation officials, and call them when you need them

· See what plans already exist and build on those

· Learn from the experiences of others – and from your own

· Mutual aid and collaboration will be beneficial

· Training materials are plentiful, and often free or low-cost

· Know NIMS and ICS

· Practice, practice, practice

· Remember, in many cases radiation will not be the major health hazard, and lifesaving always takes precedence over concerns about radiation

· The public’s fear of radiation will complicate response and make good public information critical

· Many resources are available to assist you

Appendix 1 – Actual Radiological Accidents

Below are brief descriptions of two of the most significant radiation accidents of the last few decades – one accidental, one deliberate.  Much more information is available in the references listed at the end of the section.

Accidental

In September 1987, a radiotherapy clinic in Goiânia, Brazil, abandoned a teletherapy source containing cesium-137 during a move to a new location.  Two individuals found the device at the deserted clinic and dismantled the assembly containing the source. In the process they managed to place the source in the “on” position, where they were subject to the unshielded beam of gamma radiation.  They took the part of the assembly containing the source to the home of one of them, and attempted over the next several days to take it completely apart.  One of the men succeeded in puncturing the source capsule and scooped out some of the powder, which was cesium chloride, a very soluble and dispersible substance.  

The pieces of the assembly and the source were then sold to a junk dealer, who noticed a pretty blue glow from the source powder.  The junk dealer took the source capsule into his house, where for the next several days everyone who came to the house had the opportunity to examine and admire the material.  The junk dealer and a friend then broke open the source capsule and distributed fragments of the powder to family members and friends.  Several people painted the glittery powder on their skin, as if for Carnaval.  Meanwhile, employees of the junk dealer continued to take the device apart and to distribute fragments of the source powder.  One employee took some of the source fragments home and placed them on the dining table, where the family handled them – including his six-year-old daughter, who handled the source fragments while eating her meal out of hand.

Vomiting and diarrhea started to appear in all the individuals who had had any contact with the source.  The junk dealer’s wife, concerned about this development, gathered up pieces of the source assembly in a bag.  She and one of her husband’s employees carried the bag on a bus to a physician’s office at the Sanitary Surveillance Division (the local health department), placing the bag on his desk and telling him it was killing her family.  The doctor conferred with several colleagues, one of whom suggested this might be the effects of radiation and contacted a physicist he knew, who worked for the national radiation control authority and was visiting Goiânia for the day.  The physicist obtained a radiation meter and came to the health department, where his meter went off the scale.  He realized the seriousness of the situation and convinced the health department officials to evacuate the building.  They contacted the state health and national radiation control officials, and the response swung into action.

After the initial identification of contaminated areas, people who lived nearby or who had had contact with those already hospitalized were directed to the Olympic Stadium to be monitored for radioactive contamination.  As this became publicly known, other members of the public, some who lived nowhere near the scene, came to the stadium for monitoring – ultimately more than 112,000, or approximately 10% of the city’s population.   249 persons were found to be contaminated; for about half of those, the contamination was on their clothing or shoes and could be easily removed.  Twenty-one persons were hospitalized, eleven in Goiânia and the ten most seriously injured in Rio de Janeiro.  The hospital in Goiânia was one of several federally funded hospitals in Brazil subject to a labor strike at the time, and many of the remaining staff refused to work with the victims due to fear for their own safety.  The patients suffered from depression and other psychological conditions in addition to their radiation injuries; some raged at their caretakers, some went on hunger strikes, and one escaped from the hospital via his third-floor window (only to return voluntarily some eight hours later).  One patient urinated not only in his own urine sample container, but everyone else’s, completely confounding the technicians who had to analyze the samples.

Patients had to be treated with a combination of therapies:  to alleviate the hematopoietic symptoms and the external skin lesions, to remove internally deposited cesium, and to deal with psychological issues.  Those who had significant intakes of cesium received large doses (up to 10 grams/day) of Prussian Blue – the first use of the drug in these amounts, and found to be effective in eliminating cesium from the body.

The decontamination of the affected areas of the city (all within about one square kilometer) took approximately three months.  Seven houses were demolished and the topsoil beneath them removed.  Heavy rain spread the soluble and dispersible cesium, and 85 houses had to be decontaminated.  Two hundred people were evacuated from their homes.  Since the accident occurred in early spring (Southern Hemisphere), temperatures and humidity were high, stressing the decontamination workers who had to work in anti-contamination clothing and respirators.

The population in that area, mostly poorer and less literate than the average, feared that radiation exposure was a highly contagious disease.  Anxiety ran so high that people waiting in line to be monitored often cried and sometimes fainted as their turn came near.  Affected persons being treated on an outpatient basis were shunned by those outside their immediate families and were unable to rent rooms after they were evacuated from their homes.  Relatives of the contaminated people, who were not themselves contaminated, were avoided.  Those relocated from their homes demanded that their property be made “cesium-free” and sometimes would accept nothing less.  Some would insist that a technician eat food or drink water that they offered before they would accept the technician’s word that the property was clean.  

The four victims who died – two men, a woman, and the six-year-old girl – were buried in lead-lined coffins, sealed in concrete.  Fear still ran so high that protesters at the girl’s funeral blockaded the procession and stoned the casket.  

Although the contamination was localized in one area, the whole city, indeed the whole region, came under suspicion.  Hotels in other cities, as well as transportation services, demanded a Radiological Cleanness Certificate before accepting customers from Goiânia.  Airline pilots avoided flying over the city.  Conferences scheduled in Goiânia were canceled or relocated.  The wholesale value of Goiás state’s agricultural products (most of which are produced outside the city of Goiânia) declined by 50 percent within two weeks.  Caldas Novas, a hot-springs resort area an hour’s drive from Goiânia, experienced a more than 30 percent drop in occupancy rate, even though those cancelling reservations lost their deposits.  Cars with Goiás state license plates were stoned in other areas of the country.  

Unsurprisingly, thousands of individuals exhibited stress, depression, and other psychological effects, whether they had been in the contaminated areas or not. Out of the first 60,000 people monitored, about eight percent presented with the symptoms of acute radiation syndrome (vomiting, diarrhea) or with allergic symptoms (rash).  The onset of their symptoms was generally claimed to be during the period after the capsule had been broken, but before the public announcement had been made.  None of these people were found to be contaminated.

Emergency responders were by no means immune to the psychological stress.  Many were radiation experts, not used to dealing with intense human emotions on a daily basis – certainly not with the pain, fear, frustration, and rage they encountered routinely.  Some of them were pressed into service in the hospital, which was hobbled not only by the strike but also by the refusal by some medical staff to treat the accident victims.  Both radiation experts and medical staff were ill-prepared and severely overworked.  Some responders turned to drink or became so involved with their work that they neglected their own health and safety.  

Although it was requested early on, psychological support was not part of the response until early 1988, far too late to be of much use.  But the ultimate lessons were clear:  psychological issues are extremely important and must be addressed, for the public and responders alike.

The government made an attempt to quell public fears: 250,000 pamphlets explaining radiation and radioactivity were printed and distributed to the public, and lectures were given to media representatives.  Local health officials, business and community leaders ran workshops to combat discrimination against the Goiânia residents.  But the effort was largely unplanned and poorly coordinated, rendering it ineffective against the alarming media reports.  A serious accident was made far more serious by public anxiety and distrust.  Without a well-planned and coordinated public information campaign, there is no reason to suspect that the response to a modern-day accident would be any different.

Deliberate

In November 2006, Alexander Litvinenko, a Russian former intelligence agent and a harsh critic of the Putin administration, dined with a colleague at the Millennium Hotel Pine Bar in London.  Later that day he met another colleague at the Itsu sushi bar in Piccadilly.  Both meetings were part of a larger sequence of events involving international intrigue and a suspicion that the Russian government had facilitated the murder of a journalist who had spoken out against the regime. Shortly after these meetings, Litvinenko fell ill with nausea and vomiting.  He was admitted to Barnet General Hospital, but his condition worsened, and after almost two weeks he transferred to University Hospital.  Early on it was believed that he had been poisoned with thallium, an ingredient in rat poison.  This was ruled out after toxicology tests.  Litvinenko died in intensive care, but not before releasing a statement directly accusing Russian President Putin of responsibility for his murder.  Following the death, health authorities announced that Litvinenko had been poisoned with polonium-210 - a radioactive substance that is generally not a hazard unless taken into the body, and one that is difficult to detect with commonly available radiation detection instruments.  The police searched the two meeting locations and Litvinenko’s home, and polonium was found in all three places.  Both the hotel bar and the sushi restaurant were closed, several weeks after the poisoning had taken place.

The Health Protection Agency began testing people for polonium contamination.  At first, their priority was to test Litvinenko’s family, the staff at the two hospitals who had treated him, and staff at the Pine Bar and the Itsu sushi restaurant.  This effort grew to include all those who had eaten at either establishment that day.  

Polonium-210 occurs naturally, so it can be found in food and water, and thus also inside the human body.  In order to provide meaningful results, tests had to be able to detect very low levels above a very low level already present.  CDC had some difficulty finding a lab that could do this analysis.  Patients had to provide urine samples over a 24-hour period, in order to get enough material to be analyzed.  Measurement of the polonium levels could take several days.  Radiation experts then had to assess each individual’s exposure based on the results of the urine tests.   

Police and radiation safety personnel continued to search some 60 different sites throughout London. Polonium was found in more and more locations, including a gentlemen’s club, a football (soccer) stadium, and on two British Airways airplanes at Heathrow Airport.  British Airways contacted 33,000 passengers on the 221 flights flown on those airplanes.  The search continued to Moscow, where polonium was found at the British Embassy, and to Germany, where it was found in several locations connected to other actors in the international plot. 

Meanwhile, after the announcement, the general public started calling the National Health Service Direct hotline with concerns that they had been exposed.  More than 3000 people called; fewer than 200 of these were referred for further tests.  The Health Protection Agency (HPA) set up a public information campaign to inform people about the risks and advise whether it was safe, for example, to fly on the airplanes on which polonium had been found.  

As the number of potentially exposed individuals rose, the HPA worked with personnel in 48 different countries.  Ultimately nearly 800 people were tested for polonium contamination.  Of those, 120 individuals showed elevated levels of polonium, and 13 of those incurred a slightly increased long-term risk.  Litvinenko himself was the only person who received enough polonium to cause immediate harm.  No one has been charged with his murder.

Appendix 2 – Radiation Hazards and Medical Management of Radiation Victims

Ionizing radiation (called radiation in this publication) is a process by which atoms of various substances get rid of excess energy.  Any material that behaves this way is called radioactive.  When the nucleus of an atom is unstable, it can emit energy in various ways and settle in to a more stable state.  This emitted energy usually appears in one or more of these three principal forms:

· Alpha radiation, which is a stream of relatively heavy, highly-charged particles.  Alphas do not travel far through any medium.  They can be stopped by a piece of paper, or the dead outer layer of skin, but if they are taken into the body (by inhalation, ingestion, or absorption through an opening in the skin), they can present a serious internal hazard.  (For example, if you inhale radon gas, the radon and its radioactive products emit mostly alphas, which can irradiate lung tissue and seriously increase the risk of lung cancer.)

· Beta radiation, which is a stream of lighter-weight, charged particles.  Betas travel farther than alphas, but can be stopped by a book or by a thick piece of metal or plastic.  Betas, like alphas, present a hazard if taken into the body, and can also present an external hazard if beta-emitting radioactive material is present on the skin.  

· Gamma radiation, which is similar to X-rays – weightless, uncharged packets of energy that can travel great distances and penetrate most materials.  Gammas require substantial shielding, such as lead (think of the lead apron you wear when getting a dental X-ray), concrete, or large amounts of water.  Gammas can present a significant external hazard.

None of these forms can be detected by any human senses.  Special instruments must be used to detect and measure radiation.  

Radiation presents a hazard in one of two ways:  contamination, which is radioactive material where it is not wanted (think of getting cinders from a fire on yourself, or breathing them in); and exposure, which is absorption of the energy from the radioactive decay (think of feeling the heat from the fire).

Radiation can cause damage by interfering with cell reproduction.  For that reason, organs and systems that involve continual new cell formation (such as the blood-forming organs) are more sensitive to radiation damage than, for example, nerve or brain cells.  This also means that children, infants, and fetuses are at greater risk from radiation than adults.  Any protective measures should, if possible, focus on preventing radiation exposure to the young.

Radioactive material on skin, hair, or clothing (called external contamination) can be detected by a wide range of instruments, including hand-held and portal-type (walk-through) instruments.  External contamination can usually be removed easily by washing, or by removing clothing.  

A radioactive substance within the body (called internal contamination) behaves the same way the non-radioactive form does; for example, radioactive iodine concentrates in the thyroid gland, where it may cause damage.  Unlike external contamination, internal contamination may be measured only by specialized instruments such as whole-body counters, which measure radioactive material inside the body, or by bioassay, in which urine or other samples must be analyzed in a radiation lab.  Both of these processes are time-consuming and not widely available.

Removing radioactive material from inside the body is considerably more difficult than removing it from the skin or hair, so it is important to prevent such intake if possible.  It is possible to remove some radioactive substances from inside the body by one of the following processes:

· Blocking:  preventing uptake of radioactive material by a specific organ and thus hastening its elimination from the body

· Chelation:  binding radioactive material to an agent and hastening its elimination

The Strategic National Stockpile assets include special drugs appropriate for both of these processes.

In some circumstances, such as a nuclear detonation or a deliberate placement of a source in a public area, individuals may receive high levels of radiation exposure to the whole body.  If this occurs, the individual may experience Acute Radiation Syndrome (ARS).  The symptoms will depend on the level of exposure received.  Symptoms are classed into general categories, from lower to higher exposure levels:

· Hematopoietic, which affect the blood cells

· Gastrointestinal, which affect the lining of the GI system

· Cutaneous, which affect the skin
· Central nervous system, which affect the brain and nerves

Especially if there are large numbers of victims, it will be important to estimate an individual’s radiation exposure in order to triage appropriately – a process called biodosimetry.  The Radiation Emergency Medical Management website (http://www.remm.nlm.gov/, last accessed 1/2/2010) describes several convenient tools to estimate radiation exposure, based on the three major methods used:  

· Time from exposure to onset of vomiting (and severity of vomiting)

· Lymphocyte depletion kinetics

· Chromosome aberration cytogenetics

Time to onset of vomiting is easy to observe and well correlated with exposure level:  the shorter the time, the greater the exposure.  Times less than one hour indicate severely high exposures, from which patients may not recover without heroic methods.  Times less than about four hours indicate the need for immediate further evaluation with more precise methods.  The problem with relying solely on time to vomiting is that psychological factors may cause vomiting in many different situations, unrelated to radiation.

If possible, a complete blood cell count with lymphocyte differential should be obtained as soon after exposure as possible, and repeated regularly for several days.  How fast the lymphocytes drop is a reliable indicator of radiation exposure.  When taking a blood sample for this count, it is important to note the date and time the sample was taken, so that exposure can be estimated accurately.

The number of dicentric chromosomes in peripheral lymphocytes is also a reliable marker, up to higher exposure levels than lymphocyte depletion.  Unfortunately, this analysis requires 48 to 72 hours, and the nation’s capability to perform and analyze these tests is limited.  The Federal government is researching rapid, field-friendly methods of determining exposure.

Any, or all, of these indicators can be used with the REMM programs, or with the Biodosimetry Assessment Tool from the Armed Forces Radiobiology Research Institute (AFRRI, http://www.afrri.usuhs.mil/outreach/pdf/BATbrochure_Oct08.pdf, last accessed 1/2/2010) to give an estimate of exposure and recommendations for treatment.  Once exposure has been estimated, treatment generally concentrates on prevention and management of infection, and on restoring bone marrow function and intestinal mucosa.  There are several drugs available to treat ARS; one of these, Neupogen, is included in Strategic National Stockpile assets.   The Federal government continues to research treatments for radiation injury. 

For any accident involving high exposures, health care providers should also seek the assistance of experts such as the Radiation Emergency Assistance Center/Training Site (REAC/TS) at Oak Ridge, TN.  They should also remember, and remind their staffs, that ARS patients are not themselves radioactive and present no hazard to their caregivers.

REMEMBER:  If you are responding to a radiological accident, your first priority should be to aid in stabilizing patients from their injuries.  Your next priority should be to prevent the spread of radioactive material (often called contamination control).  Radiation safety experts can advise on protective measures, but universal precautions should be used at a minimum.  The American College of Radiology’s advice (given for cleanup but generally applicable) is worth citing here:

“One way to mentally prepare for the task of decontaminating a radioactively contaminated individual is to imagine that you are dealing with someone who has been contaminated with a large amount of bacteria which has a low pathogenic potential such as that contained in raw sewage. The sequence of steps you would follow to perform a safe and effective clean-up is similar in both cases.”

In most of the scenarios discussed in this guidance, the hazard to caregivers from the radioactive material is expected to be low.  (If an explosion is involved, the blast will likely cause far greater injuries than the radiation.)  Nevertheless, especially if the event is an explosion or detonation, it is possible that patients with life-threatening injuries – who would skip the decontamination process – could provide a source of radiation exposure to caregivers, particularly if they require surgery.  A radiation safety expert on hand to monitor the situation can recommend measures to help lower everyone’s exposures.  

In any case, responders and caregivers can protect themselves using the three important principles of radiation protection:  time, distance, and shielding.

· Time:  limiting your time near a radiation source reduces your exposure.

· Distance:  increasing your distance from a radiation source reduces your exposure.  If you double your distance from the source, you reduce your exposure to one-quarter of what you would receive at the closer distance.  

· Shielding:  placing appropriate shielding material between you and a radiation source reduces your exposure.  For alpha radiation, clothing will do the job.  Beta radiation can be stopped by wood or plastic.  Gamma radiation will require lead, concrete, water, or other shielding materials.
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Appendix 4 – List of Acronyms

APC

Advanced Practice Center

ARS

Acute Radiation Syndrome

ASTHO
Association of State and Territorial Health Officials

BENS

Business Executives for National Security

CDC

Centers for Disease Control and Prevention

CRCPD
Conference of Radiation Control Program Directors

DHS

US Department of Homeland Security

DOE

US Department of Energy

DTPA

diethylenetriaminepentaacetic acid
EMT

emergency medical technician

EPA

US Environmental Protection Agency

Epi-X

Epidemic Information Exchange

ESF

Emergency Support Function

FDA

US Food and Drug Administration

FEMA
Federal Emergency Management Agency

FRMAC
Federal Radiological Monitoring and Assessment Center

HAN

Health Alert Network

HHS

US Department of Health and Human Services

HPS

Health Physics Society

HSEEP
Homeland Security Exercise and Evaluation Program

ICS

Incident Command System

IND

improvised nuclear device

JIC

Joint Information Center

KI

potassium iodide

LLIS

Lessons Learned Information System

LRN

Laboratory Response Network

MRC

Medical Reserve Corps

MMRS
Metropolitan Medical Response System

NACCHO
National Association of County and City Health Officials

NIMS

National Incident Management System

NRF

National Response Framework

PHEP

Public Health Emergency Preparedness

RDD

radiological dispersal device

REAC/TS
Radiological Emergency Assistance Center/Training Site

RED

radiological exposure device

REMM
Radiation Event Medical Management

RITN

Radiation Injury Treatment Network

SNS

Strategic National Stockpile

TOPOFF
Top Officials

WMD

Weapons of Mass Destruction

Appendix 5 – Glossary

Acute Radiation Syndrome (ARS):  the collective name for a group of symptoms and syndromes associated with high whole-body radiation exposure.  

Bioassay:  the analysis of urine or other clinical samples to determine the extent of internal radioactive contamination and the isotopes involved.

Biodosimetry:  the process of estimating an individual’s radiation exposure from symptoms (time to onset of vomiting) or tests (lymphocyte depletion or dicentric chromosomes). 

Blocking:  the process of preventing uptake of radioactive material by the body.

Chelation:  the process of chemically binding an internally deposited radioactive material to help its elimination from the body.

Contamination:  radioactive material in any place where it is not wanted.

Dosimeter:  a device worn to record an individual’s radiation exposure.  

Emergency Operations Center (EOC):  an emergency center, located away from an accident response scene, which supports the on-scene response by providing external coordination and securing of additional resources. 

Exposure:  the absorption of energy from a radiation source.

External contamination:  radioactive material deposited on the outside of the body, or on the clothing or shoes.

Fallout:  radioactive material from a nuclear detonation that attaches to dust and debris in the air and settles to the ground.

Internal contamination:  radioactive material taken into the body, by inhalation, ingestion, or absorption through a wound.

Joint Information Center (JIC):  a central location where personnel with public information responsibilities perform critical emergency information functions, crisis communications, and public affairs functions.

Unified Command:  allows agencies with different authorities to work together effectively without affecting individual agency authority, responsibility, or accountability.
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