




ABSTRACT
Nuclear technology is widely used nowadays. However, this technology is not flawless. First, waste and radiation are threats to both environment and human life. Second, the chance of nuclear event is a safety issue. From the Chernobyl Disaster of Soviet Union, 1986, to Fukushima Disaster of Japan, 2013, the destroying power of such accidents is tremendous. What’s more, it is possible that nuclear materials be used as weapons of radioactive terrorism. Dirty bombs, concealed radiation exposure devices and even atomic bombs are examples of such attack. Nuclear events are likely to cause huge impacts on public health. They increase the risk of cancer and psychological disorders; they bring about chaos and panic to people living in the affected area. Because of the adverse consequences of nuclear events and radioactive terrorism, governments and the general public should possess some basic skills of prevention and be prepared for emergencies. This essay is mainly written for the purpose of providing information to government disaster management reactors and public health students. It focuses on safety issues of nuclear energy; discusses health effects and social impacts of nuclear events; provides possible ways of terrorism prevention and risk communication to the public. In general, nuclear events and radioactive terrorism are preventable. The public health importance of prevention is to decrease potential injury and life loss, as well as maintain social stability. 
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1.0  Introduction

Nuclear technology uses the energy released by splitting the atoms of certain elements, such as uranium and plutonium (1). It is widely used in many fields, especially energy and medicine. 
Nowadays, environmental problems are becoming increasingly serous. Conventional fuel energies may not meet the large energy requirement due to decreasing storage as well as pollution generation. Clean alternative energy is needed. Nuclear energy is green and efficient, and is becoming increasingly important for today’s society. According to US Energy Information Administration, in 2012, the worlds’ Nuclear Electricity Net Generation is 2,344.806 billion kilowatt-hours, counting for approximately 11% of worlds’ total electricity net generation, which is 21531.709 million kilowatt-hours (2). Other utilities of nuclear energy include providing power to transportation such as ships and submarines. 

In the area of medicine, ionizing radiation is widely used as tools for diagnosing and treatment. For example, X-rays, CT scans are common imaging methods in hospitals. Radiotherapy is utilized as the treatment of many kinds of tumors. 
However, nuclear technology has its own flaw. One negative side is its radioactive characteristics. As nuclear technology improved, increasing amount of radioactive waste have been generated. Waste disposal is problematic, since such waste can contaminate not only a single point but also the surrounding areas when released in soil, rivers, aquifers and air. Significant amounts of radioactive waste are found in harbors and marine sediments and landfill sites (3). To protect the environment and public safety, a treaty called “Partial Test Ban Treaty (PTBT)”, or “Nuclear Test Ban Treaty (NTBT)”, was made by the governments of the Soviet Union, the United Kingdom and the United States in 1963, which prohibits all test detonations nuclear weapons except those carried out underground. Later in 1996, another treaty called “The comprehensive Nuclear Test Ban Treaty (CTBT)”was adopted by the United Nations General Assembly based on the PTBT that banned all nuclear explosions in all environments. Not only the environment, radioactive materials also affect human health. When exposed to large amount of radiation, human body may be impacted and generate acute radiation syndrome. When exposed chronically, radiation may increase the incidence of cancer. Health effects will be discussed later.

Another flaw is the chance of accidents. According to the World Nuclear Association (WNA), up to 2013, there are 435 nuclear power reactors operating in 31 countries; over 60 reactors are under construction in 13 countries (4). Nuclear facilities may be brokendown by natural forces, technical or operation causes. Many accidents are documented in history. Some of them caused large social impact that was hard to redeem such as the Chernobyl disaster and the Goiânia accident. 

The third flaw of nuclear technology is its possibility of being used as terrorism. There is a chance that nuclear technology could be controlled by terrorist organizations and become a threat to public safety. Once radiological terrorism occurred, damage would be hard to reverse. If an extreme situation occurred, which is a nuclear war with mass destruction nuclear weapons, the consequences would be catastrophic. It would take a long time to clean up and rebuild. 
This essay is mainly written for the purpose of providing information to government disaster management reactors and public health students. It focuses on safety issues of nuclear energy, reviews major nuclear events in history, discusses health effects and social impacts of nuclear events, introduces radioactive terrorism, as well as providing possible ways of terrorism prevention and risk communication to the public.
1.1 Ionizing radiation
“Radiation” is energy emitted from a source and travelling through space (5). According to the energy level it possesses, radiation can be separated into two types: “non-ionizing radiation” and “ionizing radiation”. The former is radiation with energy enough to move or vibrate atoms in a molecule, but not electrons, such as visible light and microwave; the latter refers to radiations that have relatively high energy to remove tightly bound electrons from atoms and generate ions (6). In terms of nuclear technology, it is ionizing radiation that plays an important role. In this essay, “Radiation” refers to “Ionizing radiation”.

There are three kinds of ionizing radiations: alpha particles, beta particles and gamma rays. An alpha particle is composed of two protons and two neutrons. It is a relatively heavy particle with 2 positive charges. Alpha particles have relatively low energy, so it cannot penetrate human skin, even a single paper would stop them. If not inhaled, it won’t cause much health concerns (7). Beta particles are equivalent to electrons. They travel several feet in open air and can be easily stopped by solid materials. Directly exposed to strong source of beta radiation may cause redden or even burning of skin (8). Gamma ray is caused most concerns among all ionizing radiations. It consists of pure photons with very high energy. It travels at the speed of light and can cover hundreds to thousands of meters in air and can pass through human body. Lead is a common material used as gamma ray prevention (9).
Several units are used in measuring the amount of radiation. An expression is rem (Roentgen Equivalent Man), which is a unit measuring the dose, or the amount of radiation energy absorbed by the body. In the U.S., doses are most commonly reported in millirem (mrem). 1rem=1000 mrem (10). Gy (Gray) is similar to rem, which expresses the dose of radiation that is absorbed in tissue. 1Gy=100rem. Sv (Sievert), sometimes mSv (Millisievert), is used in radiological protection when concerned with biological effects (11). 
Ionizing radiation is released from atoms. Some atoms are not stable and they tend to release energy and undergo a spontaneous change towards a more stable form. Those atoms are radioactive, and they are the source of ionizing radiation (12). In the macro world, radiation comes from human activities, medicine for example, as well as natural sources, such as rocks, soil, radon and the outer space. In general, natural sources take up to 85% of total radiation and 15% is caused by human activity (13).
Radiation exposure is inevitable. The average annual radiation dose per person in the U.S. is 620 mrem; the annually natural radioactivity dose to human body is 40mrem; annual dose of living near a nuclear power station is less than 1mrem, while annual dose of cosmic radiation for people living at sea level is 24mrem; the dose of a single procedure of chest X-ray scan is 4mrem, a Mammogram scan is 30mrem (10).
Dose is a decisive factor of the possibility of health effects. According to U.S. EPA (U.S. Environmental Protection Agency), an exposure of 50rem of radiation could cause changes in blood chemistry and nausea within hours; a 100rem exposure may cause hair loss, diarrhea and hemorrhage; 400rem exposures could cause death within 2 months; higher dose exposures may cause health damages even death within days or minutes (14). 
1.2 Previous Nuclear Events
When measuring the destructive ability of a nuclear event, the “International Nuclear Event Scale (INES)” can be used. INES is a scale system that is used to describe the comparative magnitude of nuclear accidents. The scale is divided into 8 stages, from 0 to 7. The higher the level, the severer the accident. Level 7 means “Major Accidents”, which brings the worst damage. There are only two accidents in history that was defined as level 7: one is the Chernobyl Disaster in 1986, the other is Fukushima Nuclear Accident in 2011.
1.2.1 Hiroshima and Nagasaki Nuclear Attack
During World War II, on August 6th and August 9th, 1945, two Japanese cities, Hiroshima and Nagasaki, were attacked by atomic bombs made by the allied powers (USA, Canada and UK) respectively. During the first two weeks, about 150,000 people died. By the end of December of 1945, the number increased to 200,000. It is estimated that between 100,000 and 400,000 individuals exposed are still alive (15). It is estimated that the exposure amount of all survivors of Hiroshima was less than 3Gy (16). That disaster was the only nuclear bomb attack in human history. 
1.2.2 The Three Mile Island Accident 

The Three Mile Island (TMI) power station is a nuclear power station with two reactors near Harrisburg, Pennsylvania, USA. On 28 March 1979, reactor unit 2 experienced a partially core meltdown. The reason for this accident was a malfunction in the secondary cooling circuit: the main water pumps in the cooling tower stopped sending water to the steam generators and heat accumulated in the reactor. Soon after the meltdown, the reactor automatically shut down, but a relief valve failed to close, which lead to coolant flow into the drain tank without passing through the core and removing the residual heat. The accident destroyed the reactor (17), (18). About 2 million people living within 50 miles of the site had been exposed to an average of 1.7 mrem of radiation per person in Harrisburg area, approximately the same as the additional background radiation which a resident of Manhattan or Denver receives every week (19).
1.2.3 Goiânia Accident 
Goiânia is the capital city of Goiás, Brazil. In 1985, a private radiotherapy institute moved to a new premise from the center of the city, leaving a machine with a teletherapy unit containing caesium-137 (137Cs) source at the abandoned site without notifying the licensing authority as required. In September 13, 1987, two men broke into the site and found the teletherapy unit, which was a small cylindrical metal capsule made of stainless steel and lead. They thought what they found may have some scrap value, so they took the capsule to their house half a kilometer from the site. They managed to break the stainless shield, and sold the metal to a junkyard owner. On the night of September 18, the owner noticed a blue glow emanating from the capsule. He thought it might be something valuable, even supernatural. In the next few days, the owner invited his friends and family to watch the “treasure”, and the source was distributed to many families. The accident finally caused 4 deaths, 249 out of 112,000 screened were found to have significant levels of radioactive material in/on their body. The topsoil was removed from several sites where the source was kept (20).
1.2.4 Chernobyl Disaster

The Chernobyl nuclear power plant was located 130 km north of Kiev, Ukraine. On 26 April, 1986, an operational mistake caused the explosion of reaction unit No. 4. The accident was the worst nuclear accident in history, which killed 30 operators and firefighters within three months, 134 persons involved in the clean-up were diagnosed with Acute Radiation Syndrome and 28 among them died after a few weeks. The City of Chernobyl as well as the city of Pripyat, 3 km away from the site, were evacuated and abandoned after the accident (21). Approximately a total of 1.7×1018 Bq of 131I and 8.9×1016 Bq of 137Cs were assumed to released; residents’ inhalation dose in 10km radius from the site exceeded 10mGy while for most measured european areas the dose varied from 0.001mGy to 0.1mGy (22).
1.2.5 Fukushima Daiichi Nuclear Disaster

Fukushima Daiichi Nuclear Power Station is located in the Futaba District of Fukushima Prefecture, Japan. On 11 March, 2011, an earthquake with a magnificent of 9.0 occurred, which is known as the Great East Japan Earthquake and Tsunami. Due to the tsunami wave, the power supply and cooling systems were disabled in three of the plant's six nuclear reactors, and they finally melted down. There have been no deaths or cases of radiation sickness reported, but over 100,000 people were evacuated (23).
2.0  Consequences of nuclear events
2.1 Health effects

After a severe nuclear event, the on-site effect is similar with other conventional weapons or accidents. Injuries and deaths may occur, destructed public facilities, damaged water supplies and drinking water contamination. However, long term radiation effects are the main hazard of nuclear events. Some major health effects of ionizing radiation will be discussed below.

2.1.1 Acute Radiation Syndrome

Acute Radiation Syndrome (ARS), also called Radiation Toxicity or Radiation Sickness, is an illness caused by whole-body (or a large part of the body) high dose （usually greater than 1 Gy）ionizing radiation exposure in a very short time period. It is different from chronic, low level radiation injury. Three classic ARS are Bone marrow syndrome, gastrointestinal syndrome and Cardiovascular (CV) Central Nervous System Syndrome. (24), (25). Each syndrome can be divided into 4 phases: the prodromal phase is the beginning of the syndrome, usually occurs within the first 48 hours after exposure; after that is a latent phase, which is the temporary relief of the illness, which can last several days to a month; then the manifest illness phase occurs, which is the most dangerous period; after that is the outcome phase, which can be recovery or death (26).
2.1.2 Increased Cancer Risk

Research shows that ionizing radiation exposure increases the risk of cancer (27), (28). A French cohort of 36,769 nuclear workers followed by 28 years shows that the risk of leukemia (except chronic lymphatic leukemia) increased significantly by 8% per 10 mSv, and it’s time-related (29). A model predicted that due to Chernobyl 940 leukemia cases would be shown in Europe by 2005. A total of 2400 such cases would be found by 2065 (30). Research shows that after the Chernobyl Disaster, persons exposed at young age (0-14 years old) expressed a dramatic increase in the incidence of thyroid cancer as they were aging. Childhood (0-14 years old) and adolescent (15-18 years old) thyroid cancer significantly increased before 1995. By 2002, even the very youngest had reached adulthood and, the childhood thyroid cancer rates declined to near zero, which is near the baseline level before the accident (31). This temporarily increase of cancer incidence reflects the effects brought by Chernobyl Disaster. 
2.1.3 Psychological Effects

Despite those physical effects, the most terrible thing is the strong emotional and psychological impact. Robert J. Lifton wrote in his book “Death in Life: survivors of Hiroshima” about the social impact after the Hiroshima Nuclear bomb attack. He described the attack as “invisible contamination”. People got sick after the attack in a few days. They suffered from symptoms such as nausea, vomiting, high fever and even severe bleeding from the inside of their bodies. People anxiously watched their families and friends die painfully, at the same time they worried about their own health, never knowing when they would become sick and die as well. “Spot phobic” was a common phrase at that period, describing the anxiety of people who were afflicted. People with no symptoms also suffered from “survivor guilt”. They were separated, mentally and physically, from the afflicted group.

As an example of nuclear accident, research shows that even 10 years after the TMI Accident, residents living within 5 miles of the accident site still suffered from more psychological and physical symptoms-such as stress, anxiety and higher blood pressure-than the controls who lived at least 80 miles from the site (32).
2.2 Social impacts

A nuclear event has the ability to strongly damage social stability. After the TMI accident, the government advised that pregnant women and pre-school children within a 5 mile radius from the accident site evacuate, while residents within 10 miles radius stay indoors. However, post-accident analysis indicated that over 200,000 people within 25 mile radius were actually evacuated, which was far more than the 3500 expected (33). Such spontaneous evacuation is a reflection of the public’s panic and stress towards such event. After the Fukushima accident, panic spread out through not only Japan, but also over flow whole Asian continent. For example, some schools in South Korea were closed because people were afraid of contaminated rainfall; China’s State Council suspended safety approvals for new nuclear plants because they fearing such a tragedy might happen again (34). After the Chernobyl Disaster, some people living in areas with radiation levels only a little higher than normal background refused to go outdoors and ate only canned food. Some people even committed suicide out of fear of horrible radiation-generated diseases (35).
Another example was China, shortly after Japan’s Fukushima accident. A dramatic increase in iodized salt consumption occurred, especially in areas on the east costal line. People overwhelmed stores and supermarkets; salt sold out in couple of days. Some merchants even took advantage of the panic and increased salt price unreasonably, which made the situation worse (36). It seems ridiculous, but what caused this phenomenon was only a single message that iodine can protect people from radiation sickness and salt is a good source of iodine! During those days, news about the power plant meltdown was repeated reported. People were shocked by the photographs of the damaged site. Essays about how radiation harms people’s lives, usually illustrated with horrible images such as malformed fetuses, appeared on many major Chinese social network websites. People were scared. They tend to believe that they were in danger even if the government claimed that radiation levels were still in safety range.

3.0  factors influencing public response towards nuclear events

3.1 education

Education is an important factor in forming attitudes toward radiation. A model analysis shows that a kind of Public Acceptance attitude to nuclear energy, formed early in school is important in shaping future opinions (37). Unfortunately, nuclear education is not a popular topic in elementary schools. A blank may be left in people’s knowledge until they become old enough to understand the side effects of radiotherapy and the potential risks of Mammography Screening from their teacher or health care advisors. They will seldom appreciate how nuclear energy brings them a modernized life, but start to worry about radioactive injuries. 
3.2 life experience and community exposure

Life experiences and environment or community exposures are not negligible. If a child living with his grandparent who was seriously injured but survived the Hiroshima disaster, the child may be scared by the horrible wound on his grandparent’s body, or overheard some horrible stories his grandparent tells about to older family members. The child may understand nuclear concepts earlier, and have a bigger chance to develop “nuclear-phobic” than other children. Furthermore, people may also be influenced by events happened in their daily lives. In a repeating survey about public attitudes toward nuclear energy conducted by Eurobarometer since 1978, the rejection pool for question “Nuclear energy is unacceptably risky” both increased in 1982 and 1986, after the TMI accident and Chernobyl Disaster (38). Similarly, a 2011 survey conducted in the U.S. with a question “How much do you support or oppose building more nuclear power plants?” More people selected “Strongly oppose” in 2011 than 2008 after the Fukushima Disaster (39).
3.3 Social media
Nowadays, messages can be sent to all over the world in minutes. Many social media contain information about nuclear risks and the danger of radiation. Reports about nuclear issues can be seen almost every day. Movies, video games even animations for children sometime include stories with nuclear technology elements. Nuclear, or radiation, are sensitive topics for the whole world. In an era when peace is the main theme, a thought is planted in people’s mind that it is bad to improve nuclear powers. Even a single threat is enough to bring about wide-spread panic. In fact, people usually connect nuclear power with nuclear weapons. When it comes to “Nuclear” the general public may think about “terror” and “danger” but not “new, clean energy”. A 2002 survey of a representative sample of the Belgian population shows that about two-thirds of the participants considered the risk from nuclear waste to be high or very high, higher than the risk from medical radiography. However, the fact is that nuclear waste is not as risky as the participants thought (40).
4.0  radiological terrorism and its prevention

4.1 Possible Types of radiological terrorism
4.1.1 Nuclear Bomb

The most extreme mechanism of terrorism is a nuclear weapon, including fission weapons such as the atomic bomb (A-bomb), and fusion weapon such as the hydrogen bomb (H-Bomb). Nuclear bombs are weapons of mass destruction. They release large amounts of energy with catastrophic outcome, leading to a total damage of one area. What’s worse, nuclear bomb explosions cause nuclear fallout, which is the residual radioactive material that is blown by shock waves into the upper atmosphere when the bomb explodes. The dusts and ashes may suspend in the air for a long time, travel with air flow and then fall from the sky during rainfalls. However, in today’s society, this kind of terrorism is not highly possible. “Treaty on the Non-Proliferation of Nuclear Weapons (NPT)” is an international treaty that prevents the spread of nuclear weapons and weapon technology, and promotes peaceful use of nuclear energy. Its goal is to achieve nuclear disarmament (41). Under the background of achieving world peace, regulations and surveillance systems are made by the world governments and mass destruction weapons are strongly forbidden.
4.1.2 Dirty Bomb

Dirty bomb is a kind of explosive that contains radioactive materials, which disseminates radioactive matters when explosion. A dirty bomb is different from a nuclear weapon, for its relatively small explosion area, and is not result of atomic reactions. Mechanisms of dirty bombs are similar to conventional explosives, which release large energy by heat and pressure, but it can also cause damage by its ability to distribute radioactive materials. Once a dirty bomb is released, it will be hard to clean up the site contaminated with radioactive fallouts. The scale of the area impacted is determined by the bomb’s design.
4.1.3 Concealed radiation exposure device (RED)
Also called radiological dispersion device (RDD), can be defined as a kind of dirty bomb. Nuclear sources can be secretly put into public facilities such as water circulating systems, public transportations, air circulating systems and food source. This kind of attack is hidden and silent. No facilities are damaged, but this device may cause human health effects, in a few days or a few years. Hundreds of radioactive sources are reported missing around the world each year (42). There is a chance that those stolen devices are in terrorists’ hands and may become their weapons.
4.1.4 Control of nuclear facilities
Terrorists may find ways to control public nuclear facilities such as nuclear power stations and nuclear powered transportations. Power facilities may be attacked by weapons, or operators be hijacked by terrorists for the purpose of robbing nuclear materials and technologies.
4.2 Preparation for radiological terrorism
4.2.1 Detecting potential sources
When preparing for potential radiological terrorism, governments should have detailed risk assessment plans. A risk assessment includes hazard identification, dose-response relationship, exposure identification and risk characterization. Since radiation cannot be seen, smell or sensed by humans, hazard identification, finding the source and identify the threat in advance is very important. “As far as possible and as fast as possible” is required when detecting low density radioactive sources; trace analysis of nuclear materials is preferred. It is recommended that the field of nuclear forensics should be developed, because most conventional forensic labs lack the facilities to deal with radioactive materials, so advance preparedness is desirable (43). To detect as fast as possible, surveillance systems should also be set up. For example, many hospitals are equipped with special radioactive detection devices to detect radioactive materials in patients finishing radiotherapy. It’s almost impossible to carry out radiological terrorism in a hospital. This experience can be inform other public facilities such as schools, government buildings and major municipal water circulating systems. 
4.2.2 Healthcare preparedness
Radiation is not likely to cause immediate fatal consequences. Routine emergency response training should be conducted; a reaction plan should be made, and revised in a timely fashion. Public health departments should be alerted when clustered patients show up at local hospitals with signs and symptoms that cannot be explained by common diseases. This is a possible sign of a dirty bomb attack or a concealed radiation device attack. Sometimes it’s hard to distinguish radiation sicknesses with common diseases, so differential diagnosis should be made as soon as possible. Special care units and isolation areas for radiation contaminated patients should be ready all the time. Equipment and personal protective devices should be well prepared. A physical and psychological intervention plan should be established in advance.
4.2.3 Education of the public
It is important to explain the potential risk of radioactive terrorism to the general public. Citizens should know some basic concepts of how to identify a radioactive source, how to protect themselves and to whom they should report their findings. The Goiânia accident was largely caused by lacking of education. If people had been warned that such radioactive material shines by itself and can be extremely dangerous, this accident may have been avoided. However, it’s usually difficult to control how much the public should be informed: it should definitely be neither too frightening, which may cause panic and distrust of the government, nor too simple that citizens may not pay any attention at all. An example is that during the clean-up period after the TMI accident, an information gap between the government and citizens occurred. Citizens did not trust the data the EPA reported; they would rather trust their neighbors because they were exposed to the same risk (44). As a consequence, there was a “Citizen Radiation Monitoring Program” which trained citizens to collect their own data. That program turned out to increase the citizens’ acceptance of the government report to some extent. That was a good start for future risk communications. Governments and citizens are all stakeholders in radiation terrorisms. Communication should be a two-way process, not by letting citizens generate information passively without a way to confirm what they heard is right.

A risk communication plan should also be made, since attacks happen quickly and should be aware by the public in a short time period. When communicating the scale of nuclear risk to the public, comparisons with the risk of common daily life hazards should be made (45). The general public would be confused by the measurement units such as Sv, or by the different doses-response relationships. The concepts are abstract and complicated; it would only bring more uncertainties and panic. Furthermore, an early education is needed. This may be difficult because issues related to nuclear technology are usually complicated, even confidential. The general public should know some basic concepts of self-protection when radiological terrorism occurs, but it should not be too complicated, which may cause mistrusted and imply that terrorism attacks are highly possible. 
4.2.4 Prevention of man made errors
Many reports made after the Fukushima Accidents indicated that although the accident was a consequence of massive natural disaster, it was also related to a weakness regarding defense against natural hazards, imperfect regulations and insufficient accident management and emergency response (46).
4.2.5 Take advantage of social media
People, especially young people, would be likely to receive and spread information from social media. By this way, scientific reports can be read by several readers and then forwarded to their friends; information would be disseminated with an increased level of trust because people tend to trust what their friends (47).
However, governments should make plans to survey social media when attacks happened because it may become a source of panic. Similar to air accident, planes are the safest transportation by far. But when reports appear about air crashes, some people are scared and would rather travel by train or other vehicles, which have higher rates of accidents than planes. Because car accidents are so common, it’s seldom valuable for social media to spend time and effort to reporting those incidences; but air accidents are rare and cause severe outcomes, which usually attract social media who are always seeking for things that are mysterious and breathtaking. Governments should control the emotion that social media convey to the public. For example, reports should be as neutrally as possible. 
In addition, honest reports are needed. Desired characteristics of media should include credibility, openness and the sharing of uncertainty (48). To make reports more reliable, government should make effort to help social media conquer information gap. After the Chernobyl Disaster, TMI accident and Fukushima Disaster, engineers and government spokespersons had difficulties in explaining the situation, while reporters did not know what to ask because of lacking related knowledge (49). Government should find ways for a better communication between social media and experts.
For the general public, governments can make interesting and understandable websites containing basic nuclear safety concepts that have open access to the public. Images, pie charts and even online games can be good education methods. Mobile phone Apps are also a good choice for educating the public. There’s even radiological detector Apps on the software market, which may be a way of daily surveillance method of radiation level.
5.0  conclusion

Nuclear technology is widely used nowadays. It is important to find a balance between its good properties and the potential hazard it may bring. Nuclear technology generates wastes that are harmful to the environment. Soil, underground water and air may be contaminated by improperly waste proposal. What’s more, radiation brought by nuclear technology is a potential hazard to human health. Incidences of cancers such as leukemia and thyroid carcinoma are likely to increase when the population is exposed to increased radiation levels. Large amount of radiation exposure may cause acute radiation syndrome, which may be fatal in a few months. 

One dangerous side of nuclear technology is the chance of accidents. Historically, there are accidents that were caused by human operation errors such as the Chernobyl Disaster, by natural force such as the Fukushima Disaster, and by lack of regulation and surveillance such as the Goiânia accident. Lessons should be learned from those past experiences to make better utilizations of nuclear technology and protect public safety and social stability in the future. 

Another dangerous side of nuclear technology is radioactive terrorism. Several ways of attacks may be possible, for example a dirty bomb, Concealed radiation exposure devices and attack of nuclear facilities or even by nuclear bomb. The only example of nuclear bomb attack in human history is the Hiroshima and Nagasaki Nuclear attacks. To prevent such attacks in the future, governments and the general public should both be prepared. Governments should have complete plans for risk assessment and emergency response; the general public should be educated about potential risk as well as proper reactions when attacks happen. There are several factors that influence public’s attitude toward nuclear technology, such as education, life experiences and social media. Government can make use of those factors to increase its public trust.

Nuclear events are likely to cause huge impacts on the environment or human society. Despite physical damages, one important consequence of such event is the psychological torment of victims. This is a huge factor that influences social stability. 

Nuclear technology is a two edged sword. It should be used carefully; proper surveillance and regulation systems are essential. In general, nuclear events and radioactive terrorism are preventable. The public health importance of prevention is to decrease potential injury and life loss, as well as maintain social stability
bibliography

1. “Nuclear Power in the World Today”, World Nuclear Association, accessed February 26, 2015, http://www.world-nuclear.org/info/Current-and-Future-Generation/Nuclear-Power-in-the-World-Today/.

2. “International Energy Statistics –EIA,” accessed January 5, 2015, http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.cfm?tid=2&pid=2&aid=12.

3. Hsai-Yang Fang, “Radioactive Nuclear Waste,” Practice Periodical of Hazardous, Toxic, and Radioactive Waste Management 6.2 (2002): 102-111.

4. “Plans for New Nuclear Reactors Worldwide,” World Nuclear Association, accessed January 5, 2015, http://www.world-nuclear.org/info/Current-and-Future-Generation/Plans-For-New-Reactors-Worldwide/.

5. “What is Ionizing Radiation,” World Health Organization, accessed February 20, 2015, http://www.who.int/ionizing_radiation/about/what_is_ir/en/.

6. “Ionizing & Non-ionizing Radiation,” U.S. Environmental Protection Agency, accessed February 20, 2015, http://www.epa.gov/radiation/understand/ionize_nonionize.html.

7. “Alpha Particles,” U.S. Environmental Protection Agency, accessed February 20, 2015, http://www.epa.gov/radiation/understand/alpha.html.

8. “Beta Particles,” U.S. Environmental Protection Agency, accessed February 20, 2015, http://www.epa.gov/radiation/understand/beta.html.

9. “Gamma Particles,” U.S. Environmental Protection Agency, accessed February 20, 2015, http://www.epa.gov/radiation/understand/gamma.html.

10. “Radiation Dose in Perspective,” U.S. Environmental Protection Agency, accessed February 20, 2015, http://www.epa.gov/radiation/understand/perspective.html.

11. Arthur C. Upton, Roy E. Shore, and Naomi H. Harley, “The Health Effects of Low-Level Ionizing Radiation,” Annual Review of Public Health 13.1 (1992): 127-150.
12. “Radiation and Radio Activity,” World Nuclear Association, accessed February 20, 2015, http://www.world-nuclear.org/uploadedFiles/org/Features/Radiation/1_RadiationandRadioactivity(2).pdf.
13. “Nuclear Radiation and Health Effects,” World Nuclear Association, accessed February 22, 2015, http://www.world-nuclear.org/info/Safety-and-Security/Radiation-and-Health/Nuclear-Radiation-and-Health-Effects/.

14. “Health Effects,” U.S. Environmental Protection Agency, accessed February 22, 2015, http://www.epa.gov/radiation/understand/health_effects.html.

15. Aiko Sawada, Julia Chaitin, and Bar-On Dan, “Surviving Hiroshima and Nagasaki--Experiences and Psychosocial Meanings,” Psychiatry 67.1 (2004): 43-60.
16. William J Schull, Effects of Atomic Radiation: A Half-Century of Studies from Hiroshima and Nagasaki. (New York: Wiley-Liss, 1995).

17. “Background on the Three Mile Island Accident,” United States Nuclear Regulatory Commission, accessed January 5, 2015, http://www.nrc.gov/reading-rm/doc-collections/fact-sheets/3mile-isle.html.

18. “Three Mile Island,” World Nuclear Association, accessed January 5, 2015, http://www.world-nuclear.org/info/Safety-and-Security/Safety-of-Plants/Three-Mile-Island-accident/.

19. G.R. Corey, “A Brief Review of the Accident at Three Mile Island,” IAEA BULLETIN 21.5 (1979): 54-59, accessed Feb 5, 2015, https://www.iaea.org/sites/default/files/publications/magazines/bulletin/bull21-5/21502795459.pdf.

20. “The Radiological Accident in Goiania,” International Atomic Energy Agency, accessed January 18, 2015, http://www-pub.iaea.org/mtcd/publications/pdf/pub815_web.pdf.

21. “Chernobyl,” World Nuclear Association, accessed January 5, 2015, http://www.world-nuclear.org/info/Safety-and-Security/Safety-of-Plants/Chernobyl-Accident/.

22. R. Lange, M. H. Dickerson, and P. H. Gudiksen, “Dose Estimates from the Chernobyl Accident,” accessed January 5, 2015, http://www.iaea.org/inis/collection/NCLCollectionStore/_Public/19/062/19062856.pdf.

23. Fukushima Accident, World Nuclear Association, accessed Feb 5, 2015, http://www.world-nuclear.org/info/Safety-and-Security/Safety-of-Plants/Fukushima-Accident/.

24. Acute Radiation Syndrome a Fact Sheet for Clinicians, CDC Radiation Emergencies, accessed January 3, 2015, http://www.bt.cdc.gov/radiation/arsphysicianfactsheet.asp.

25. “The Acute Radiation Syndrome,” British Medical Journal 2.4790 (1952): 925–926.

26. Jamie K. Waselenko, et al, “Medical Management of the Acute Radiation Syndrome: Recommendations of the Strategic National Stockpile Radiation Working Group,” Annals of Internal Medicine 140.12 (2004): 1037-1051.
27. Geoffrey R. Howe, et al, “Analysis of the Mortality Experience Amongst U.S. Nuclear Power Industry Workers after Chronic Low-Dose Exposure to Ionizing Radiation,” Radiation Research 162.5 (2004): 517-526.

28. Elisabeth.Cardis, et al, “Effects of Low Doses and Low Dose Rates of External Ionizing Radiation: Cancer Mortality among Nuclear Industry Workers in Three Countries,” Radiation Research 142.2 (1995): 117-132.

29. C Metz-Flamant, et al, “Leukemia Risk Associated with Chronic External Exposure to Ionizing Radiation in a French Cohort of Nuclear Workers,” Radiation Research 178.5 (2012): 489-498.

30. “Radiation Research: State of the Science Twenty Years after Chernobyl,” Radiation Research 167.3 (2007): 338-360.
31. Elisabeth Cardis, et al, “Cancer Consequences of the Chernobyl Accident: 20 Years on,” Journal of Radiological Protection 26.2 (2006): 127-140.

32. Laura M. Davison, et al, “Acute Stressors and Chronic Stress at Three Mile Island,” Journal of Traumatic Stress 4.4 (1991): 481-493.
33. J. H. Johnson, and D. J. Zeigler, “Modelling Evacuation Behavior during the Three Mile Island Reactor Crisis,” Socio-economic Planning Sciences 20.3 (1986): 165-171.

34. Elliott, David, and Inc Ebrary. “Fukushima: Impacts and Implications,” (Basingstoke, Hampshire [U.K.]; New York: Palgrave Macmillan, 2013).

35. Charles A. Salter, “Psychological Effects of Nuclear and Radiological Warfare,” Military Medicine 166.12 (2001): 17-18.
36. Chinese’s Scramble to Buy Salt as Radiation Fears Grow, CNN, accessed Feb 1, 2015, http://www.cnn.com/2011/WORLD/asiapcf/03/17/china.salt.scramble/index.html.

37. Teruaki Ohnishi, “Effect of Nuclear Education on Public Attitude,” Journal of Nuclear Science and Technology 32.10 (1995): 1027-1038.
38. Fabio Franchino, “The Social Bases of Nuclear Energy Policies in Europe: Ideology, Proximity, Belief Updating and Attitudes to Risk,” European Journal of Political Research 53.2 (2014): 213-33.
39. A. Leiserowitz, et al, “Climate Change in the American Mind: Public Support for Climate and Energy Policies in May 2011,” Yale Project on Climate Change Communication, May, accessed January 30, 2015, http://environment.yale.edu/climate/files/PolicySupportMay2011.pdf.

40. F. Hardeman, et al, “Ionizing radiation as perceived by the population: The good, the bad and the ugly,” Madrid: 11th International Congress of the International Radiation Protection Association, May 23-28, accessed January 17, 2015, irpa11.irpa.net/pdfs/9c1.pdf.

41. UNODA-Non-Proliferation of Nuclear Weapons, UN News Center, accessed Feb 1, 2015, http://www.un.org/disarmament/WMD/Nuclear/NPT.shtml.

42. Hardeman, Frank. “Decision Making After the Use of Radiological Dispersion Devices,” Dordrecht: Springer Netherlands (2006): 167-177.
43. Alex Wolf, and Ilan Yaar. “Combating Radiological Terrorism – A Multi-Faceted Challenge,” Dordrecht: Springer Netherlands (2006): 135-142.

44. Barbara Gray Gricar, and Anthony J. Baratta. “Bridging the Information Gap at Three Mile Island: Radiation Monitoring by Citizens,” The Journal of Applied Behavioral Science 19.1 (1983): 35-49.
45. Paul Slovic, “The Perception Gap: Radiation and Risk,” Bulletin of the Atomic Scientists 68.3 (2012): 67-75.
46. Sentarō Takahashi, “Radiation Monitoring and Dose Estimation of the Fukushima Nuclear Accident,” Springer Open (2014).

47. Kwan-Hoong Ng, and Mei-Li Lean, “The Fukushima Nuclear Crisis Reemphasizes the Need for Improved Risk Communication and Better use of Social Media,” Health Physics 103.3 (2012): 307-10.
48. J Lakey. “Informing the Public about Radiation-the Messenger and the Message” Health Physics 75(1998):367-374.

49. Sharon M Friedman, “Three Mile Island, Chernobyl, and Fukushima: An Analysis of Traditional and New Media Coverage of Nuclear Accidents and Radiation,” Bulletin of the Atomic Scientists 67.5 (2011): 55-65.
NUCLEAR TECHNOLOGY SAFETY AND 


PREVENTION OF RADIOACTIVE TERRORISM


























by


Heng Bai


BMed, Central South University, China, 2013





























Submitted to the Graduate Faculty of


Department of Environmental and Occupational Health


Graduate School of Public Health in partial fulfillment 


of the requirements for the degree of


Master of Public Health





























University of Pittsburgh


2015








UNIVERSITY OF PITTSBURGH


GRADUATE SCHOOL OF PUBLIC HEALTH




















This essay is submitted


by


Heng Bai





on





April 24, 2015


and approved by





Essay Advisor:


James Peterson, PhD				______________________________________


Associate Professor


Department of Environmental and Occupational Health


Graduate School of Public Health


University of Pittsburgh








Essay Reader:


Jorge D. Abad, PhD		                        ______________________________________


Assistant Professor


Department of Civil and Environmental Engineering


Swanson School of Engineering


University of Pittsburgh

















Copyright © by Heng Bai


2015





James Peterson, PhD


NUCLEAR TECHNOLOGY SAFETY AND PREVENTION OF RADIOACTIVE TERRORISM


Heng Bai, MPH


University of Pittsburgh, 2015�










vi

